
From: Ogg, Brian@Waterboards
To: Boyd, Heather@Waterboards; Fischer, Adam@Waterboards
Cc: Breuer, Rich@Waterboards; Denton, Debra; Poulson, Zane@Waterboards; Morris, Melissa@Waterboards
Subject: RE: EPA"s withdrawal of TST procedure and use of it in our MS4 permit
Date: Wednesday, June 10, 2015 10:15:52 AM
Attachments: R8 Suggested Responses for TST Letter.docx

TST Implementation Document.pdf
2012 Risk Sciences Letter.pdf
2012 CASQA Comment & Response.docx
Toxicity Testing Tool for Storm Water Dischargers.pdf

Good morning,
 
State Board’s suggested responses to Tim Moore’s recent comment letter are attached, along with
 other informational documents that may prove useful to you:
 

·         TST Implementation Document
·         Tim Moore’s 2012 comment letter/method blank study
·         CASQA’s 2012 comment addressing storm water toxicity and draft staff response
·         Draft Toxicity Testing Tool for Storm Water Dischargers

 
Feel free to contact me if either of you have any questions or would like additional documents.
 
Regards,
 
Brian Ogg, Environmental Scientist
State Water Resources Control Board
Office of Information Management and Analysis
Phone: (916) 322-8432
Fax: (916) 341-5896
 

From: Boyd, Heather@Waterboards 
Sent: Tuesday, June 02, 2015 4:15 PM
To: Ogg, Brian@Waterboards
Subject: RE: EPA's withdrawal of TST procedure and use of it in our MS4 permit
 
Hi Brian,
Thanks.  I guess they are worried about controversies with the TST method that the stakeholder brings
 up.  See issues below.  I'm sure these were also raised during the TST development.  If there are
 responses that are in the record that speak to the issues below, please point them out to me.  If you'd
 like to discuss over the phone, I won't be available until Monday, the 8th.
 
Issues raised:
 
1)  There were several substantive challenges raised against the TST in a concurrent court
 proceeding.  However, the court ruled that these challenges were "moot" when EPA withdrew the
 ATP approval for the TST.  The court saw no need to rule on the substantive merits of the TST if it
 was no longer an approved ATP.  It is true that EPA withdrew the ATP for reasons unrelated to the
 substantive challenges that were being raised.  However, the Memo seems to imply that there were
 no such challenges raised which is patently untrue.  These challenges are still pending as part of
 formal appeals filed against other NPDES permits in which the LA and San Diego Regional Boards
 elected to continue requiring use of the TST.
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1) Comment: “There were several substantive challenges raised against the TST in a concurrent court proceeding.  However, the court ruled that these challenges were "moot" when EPA withdrew the ATP approval for the TST.  The court saw no need to rule on the substantive merits of the TST if it was no longer an approved ATP.  It is true that EPA withdrew the ATP for reasons unrelated to the substantive challenges that were being raised.  However, the Memo seems to imply that there were no such challenges raised which is patently untrue.  These challenges are still pending as part of formal appeals filed against other NPDES permits in which the LA and San Diego Regional Boards elected to continue requiring use of the TST.”



Response: The legal challenge was based on an ATP for a two-concentration test design when using the TST, and the memo was not a commentary on the extent of the original court case, which is moot. The State Water Board was not privy to the details of this case. The plaintiffs did not include the State Water Board as a defendant, nor was staff ever deposed. The State Water Board had no access to the case, nor legal right to exam the case. Therefore, it was not within the purview of the memo to exam the entire case and make commentary on it. We created the memo in response to the withdrawal letter details which specifically list administrative process errors in the application. 





2) Comment: “The TST is not an EPA-approved 136 method.  SWRCB seems to claim that the word "method" applies only to how a test is conducted in the laboratory and not to the statistics used to analyze the resulting data.  This is one of the key issues being challenged and litigated.  EPA has repeatedly stated that WET testing is a "Method-Defined Parameter."  And, federal regulations do not allow Alternate Test Protocols for method-defined parameters.  Moreover, an ATP is only approved where it can be shown that the alternate procedure produces results that are functionally-equivalent to those produced by a standard 136 method.  The TST procedure produces results that are diametrically opposed to those recorded using the current 136 methods (NOEC or IC25).  This creates a real serious problem when it comes to certifying compliance status on a DMR.”



Response: According to the U.S. EPA's Office of Science and Technology, the promulgated “methods” refer to the biological/toxicological components of a toxicity test. These components include test species and age; food and feeding regimens; and the toxicological endpoints (e.g. survival, growth, etc.) to measure. The TST uses the same toxicological methods as prescribed in 40 C.F.R. and, therefore, an amendment to this federal code is not required. Furthermore, the term “functionally equivalent” is misapplied here as differing statistical approaches will often produce incomparable results (e.g. results from the NOEC approach cannot be used to verify results from the IC25). It should also be noted that the two-concentration test design is actually promulgated in appendix H of the toxicity manual. It is only the issue of the word “required” in regard the multi-concentration test design for NPDES effluent that is an issue. Listed in 40 C.F.R. Part 136 are statistical approaches which are noted as “Choice of Analysis,” meaning the State (in this case the permit writer”) can choose which statistical analysis they want to be used to evaluate the biological results from the tests. 





3) Comment: “When the TST method is used to reanalyze Ceriodaphnia dubia reproduction data from EPA's Interlaboratory WET Variability Study, 15% of the blank (non-toxic) samples were declared to be toxic.  This is nearly 4-times higher than the number of false positive reported using the approved NOEC or IC25 procedures.”



[bookmark: _GoBack]Response: The raw data from this 2012 Risk Sciences study was never provided to the State Water Board. It should be noted that the TST Test Drive Analysis included literally hundreds of non‐toxic samples, as demonstrated by effluents having less than a ten percent effect compared to controls (and in many cases, better results than the corresponding lab controls). The Test Drive clearly demonstrated that nearly all (99.9 percent) of these tests were declared ''not toxic'' using the TST. The current NOEC approach, however, declared 2.8 percent of these tests toxic, indicating that the TST is much more likely to declare a truly clean sample (i.e. a method blank) ''non‐toxic'' than the approach currently used in most permits. It should also be noted that both approaches declared these non‐toxic samples ''toxic'' well below the established five percent false positive rate.



Furthermore, U.S. EPA’s inter‐laboratory WET study was completed more than 12 years ago. U.S. EPA’s analysis of more current laboratory data for this test method, conducted during the development of the TST, demonstrated that laboratories have improved their performance of the Ceriodaphnia dubia reproduction test, (i.e. labs have been obtaining more precise data for this test, and standard deviations are now lower than what the commenter used). In fact, the Test Drive demonstrated that California laboratories are as precise with this test method as what U.S. EPA reported. 





4) Comment: “One reason that the false positives were relatively low in the Interlab WET Variability Study is that EPA used data from the multiple concentration series to identify probably Type-1 statistical errors by confirming the presence or absence of a valid dose-response relationship.  This very useful procedure is not available if a test is performed on only two concentrations (a control and a 100% receiving water sample).  Although EPA allows the use of simple 2-concentration screening tests in receiving water, they continue to recommend multiple concentration tests as the preferred approach because the latter provides an opportunity to inspect the data for a valid dose-response relationship.  The Memo seems to imply that such "interpretation" is a bad thing.  However, EPA guidance repeatedly states that a valid dose-response is the very foundation of toxicity testing.”  



Response: U.S. EPA’s Interlab Variability Study appropriately applied the concentration-response relationship guidance to data analyzed with the NOEC and point estimate approaches to reduce the false positive error rate. Consideration of the concentration-response relationship is not necessary when analyzing toxicity data with the TST, and would not be expected to reduce the error rate. Instead, evaluation of test acceptance criteria, test conditions, and reference toxicant testing are appropriate to identify anomalous data prior to analysis using the TST approach.     



The ATP memo was specifically addressing situations where a data set does not comply with the assumptions built into the NOEC approach, and the resulting endpoints are invalid. Such anomalous results would not occur with the TST approach as it does not rely upon the same statistical assumptions, and the results of the instream waste concentration are compared directly to the control.



Lastly, U.S. EPA’s multi-concentration test recommendation referenced by the commenter is taken from the promulgated method manuals (published 13 years ago) and addresses traditional hypothesis testing, not the TST approach.





5) Comment: “The TST procedure is not cheaper.  The memo suggests that costs are reduced because the test requires only two concentrations.  However, in order to reduce the risk of false positives to a level no greater than that expected from the current NOEC or IC25 methods, it is necessary to double or triple the number of replicates in the 2-concentration TST procedure.  Thus, the final cost ends up being about the same.  And, if the discharger and lab elect to use fewer replicates, than the cost of additional accelerated monitoring caused by false positives more than offsets any initial cost savings.  San Bernardino filed extensive detailed proof of this in their comments to the SWRCB on the proposed TST method.”



Response: For freshwater tests, the need for additional replicates depends on laboratory variance. For example, a test having extremely variable responses is likely to indicate toxicity above applicable permit limits because it is not possible to determine whether the effluent response is equivalent to the control response. Thus, in using the TST method, higher quality (i.e. less variable) data produce more accurate toxicity results, which creates incentive for laboratories to decrease their variance. 



The City of San Bernardino submitted data indicating that, based on previous chronic WET test results using Ceriodaphnia dubia over the past three years, more tests would have ''failed'' using the TST than the current NOEC or IC25 approaches. In reviewing the data submitted, there appeared to be two additional tests that would have ''failed'' using the TST out of more than 50 tests for the RIX permit; three additional tests that ''failed'' for the Yucaipa Valley Water District permit out of more than 50 tests; and four additional tests declared toxic out of 30 tests for the Inland Empire Utilities Agency discharges. In nearly all cases where the sample failed the TST but not the NOEC, the standard deviations of the control were at or above the 75th percentile for this test method in California, based on the Test Drive and U.S. EPA’s national analysis for the TST. In other words, these tests had more than normal within-test variability and, therefore, more uncertainty in terms of the results. In addition, these tests often exhibited an effect at the IWC very close to the 25 percent regulatory management decision, indicating that there was definitely toxicity in those IWC samples.



Very similar results were observed in the Test Drive analysis for this test method as well. Staff notes that in several of these cases, the t‐value obtained in the test was very close to the critical t‐value, indicating that the addition of one more replicate to the test would have probably resulted in declaring these samples ''not toxic'' using the TST approach. For the Inland Empire Utilities Agency discharges, there were two instances where the NOEC declared the test ''toxic,'' but the TST did not. There was also one test where both IC25 and TST declared the sample toxic, but the NOEC did not. It does not appear that the City included these results in their comments.





6) Comment: “The most egregious claim in the memo is that the TST produces a "definitive result" while the NOEC and IC25 require "interpretation."  That is blatantly false.  The TST approach starts by specifying a Regulatory Management Decision (RMD) threshold.  In California the RMD is 25%.  That is, a sample should be considered toxic if it produces 25% less reproduction or growth than the control group.  On its face, it sounds a lot like the IC25.  However, the statistical null hypothesis presumes that organisms exposed to the effluent sample WILL produce 25% fewer offspring or will weigh 25% less.  And, the discharger must prove to a statistical certainty that any observed difference is smaller than a 25% difference compared to controls.  The problem occurs when effluent-exposed organisms weigh 17% less than the control group or produce 18% fewer offspring.  The TST will frequently call such results a FAILURE because we are not statistically certain that the difference might not have been 25%.  In other words, 18% is so close to 25% that, given the level of variability present, we are not sure they are really different from one another.  Bottom line:  we are interpreting a nominal difference of far less than 25% to be indistinguishable from 25%.  And, these are precisely that sort of tests that would absolutely pass using the IC25 method and would usually pass the NOEC method about half the time.  This will result in a great deal of controversy when the two EPA-approved methods say that a sample is not-toxic and the new unapproved TST method says the same sample is toxic.

 

Until all this gets sorted out in litigation, the safest thing to do is to continue requiring dischargers to perform WET tests using 136-approved methods and in accordance with the manuals and guidance documents that EPA cited when the WET test methods were promulgated in 2002.  If you want to see the TST results also, there is nothing that precludes you from requiring dischargers to Monitor and Report the TST values along with the traditional NOEC and IC25 values.  But, only the latter will be used to assess NPDES compliance.”



Response: The traditional null hypothesis used in toxicity analyses (e.g. NOEC) assumes the effluent is not toxic and requires a statistically significant effect in order to reject the null hypothesis and deem the effluent ''toxic.'' As in any hypothesis testing approach, there are only two outcomes: either the null hypothesis is rejected or it is not rejected. It is important to know that failing to reject the null hypothesis does not mean that the alternative is true, as in the case of tests with a high rate of variability. In those cases, the statistics are not able to discern if there is a true difference between the control and the sample. This creates incentives for dischargers to produce toxicity data of lower‐not higher‐quality. In the current situation, there is no incentive to reject the null hypothesis. 



Point estimates (e.g. IC25) may not adequately account for high within-test variability either. In addition, bias may be introduced into interpolations through the use of poorly chosen dilution series, ill-fitting parametric regression models, and the data “smoothing” procedures used in nonparametric methods and linear interpolation. 



The TST addresses variability by incentivizing laboratories to produce higher-quality data through the use of a restated null hypothesis. Therefore, the hypothetical TST analysis described by the commenter would only occur from a poor-quality data set. In other words, the higher-quality data sets that the TST requires produce definitive results, while the data that comport with the NOEC and IC25 approaches can be more ambiguous and open to interpretation due to their rate of within-test variability.
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NOTICE AND DISCLAIMER 


This document provides the basis for implementing the Test of Significant Toxicity (TST) 


approach under the National Pollutant Discharge Elimination System (NPDES) for permitting 


authorities (states and Regions) and persons interested in analyzing whole effluent toxicity 


(WET) test data using the traditional hypothesis testing approach as part of the NPDES Program 


under the Clean Water Act (CWA). This document describes what the U.S. Environmental 


Protection Agency (EPA) believes is another statistical option to analyze valid WET test data for 


NPDES WET reasonable potential and permit compliance determinations. The document does 


not, however, substitute for the CWA, an NPDES permit, or EPA or state regulations applicable 


to permits or WET testing; nor is this document a permit or a regulation itself. The TST approach 


does not result in changes to EPA’s WET test methods promulgated at Title 40 of the Code of 


Federal Regulations Part 136. The document does not and cannot impose any legally binding 


requirements on EPA, states, NPDES permittees, or laboratories conducting or using WET 


testing for permittees (or for states in evaluating ambient water quality). EPA could revise this 


document without public notice to reflect changes in EPA policy and guidance. Finally, mention 


of any trade names, products, or services is not and should not be interpreted as conveying 


official EPA approval, endorsement, or recommendation. 
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EXECUTIVE SUMMARY 


The U.S. Environmental Protection Agency (EPA or the Agency) has developed a new statistical 


approach that assesses the whole effluent toxicity (WET) measurement of wastewater effects on 


specific test organisms’ ability to survive, grow, and reproduce. The new approach is called the 


Test of Significant Toxicity (TST) and is a statistical method that uses hypothesis testing 


techniques based on research and peer-reviewed publications. The TST approach examines 


whether an effluent, at the critical concentration (e.g., in-stream waste concentration or IWC, as 


recommended in EPA’s Technical Support Document (TSD) (USEPA 1991) and implemented 


under EPA’s WET National Pollutant Discharge Elimination System (NPDES) permits program 


and the control within a WET test differ by an unacceptable amount (the amount that would have 


a measured detrimental effect on the ability of aquatic organisms to thrive and survive). EPA 


Regions and their NPDES states can still use EPA’s TSD approaches. The TST approach is 


another statistical option to analyze valid WET test data. 


Since the inception of EPA’s NPDES WET Program in the mid 1980s, the Agency has striven to 


advance and improve its application and implementation under the NPDES Program. The TST 


approach explicitly incorporates test power (the ability to correctly classify the effluent as non-


toxic, also see reference in the glossary under power) and provides a positive incentive to 


generate valid, high quality WET data to make informed decisions regarding NPDES WET 


reasonable potential (RP) and permit compliance determinations. Once the WET test has been 


conducted (using multiple effluent concentrations and other requirements as specified in the EPA 


WET test methods), the TST approach can be used to analyze the WET test results to assess 


whether the effluent discharge is toxic at the critical concentration. Performing the EPA WET 


test where the minimum five required test concentrations (pursuant to the EPA WET test 


methods) can establish a concentration-response curve. The TST approach is designed to be used 


for a two concentration data analysis of the IWC or a receiving water concentration (RWC) 


compared to a control concentration. Using the TST approach, permitting authorities will have 


more confidence when making NPDES determinations as to whether a permittee’s effluent 


discharge is toxic or non-toxic. Use of the TST approach does not result in any changes to EPA’s 


WET test methods; however, a facility might desire to modify its future WET tests by increasing 


the number of replicates over the minimum required (USEPA 1995, 2002a, 2002b, 2002c) by the 


approved EPA WET test method to increase test power, which is the probability of declaring an 


effluent non-toxic if the organism response at the IWC is truly acceptable. If WET tests have 


already been performed, the WET data generated cannot be modified to increase the number of 


test replicates because the TST analysis is done on valid WET data generated within a WET test. 


The TST approach was developed on the basis of extensive analyses and detailed research. EPA 


used valid WET data from more than 2,000 WET tests to develop and evaluate the TST 


approach. The TST approach was tested using nine different WET test methods comprising 


twelve biological endpoints (e.g., reproduction, growth, survival) and representing most of the 


different types of WET test designs currently in use. More than one million computer 


simulations were also used to select error rates achieving EPA’s regulatory management 


decisions for the TST approach. 
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Background 


In the NPDES Program, an effluent sample is declared toxic relative to a permitted WET limit if 


the no observed effect concentration (NOEC) is less than the permitted IWC using a hypothesis 


statistical approach. In that traditional hypothesis approach, the question being answered is, “Is 


the mean response of the organisms the same in the control and at the IWC?” The hypothesis 


testing approach has four possible outcomes: (1) the IWC is truly toxic and is declared toxic, (2) 


the IWC is truly non-toxic and is declared non-toxic, (3) the IWC is truly toxic but is declared 


non-toxic, and (4) the IWC is truly non-toxic but is declared toxic. The latter two possible 


outcomes represent decision errors that can occur with any hypothesis testing approach. In the 


NPDES WET Program, those two types of errors can occur when test control replication is very 


good (i.e., test is very precise) so that a very small difference between IWC and control is 


declared toxic (outcome [4] above), and when test control replication is poor (i.e., the test is very 


imprecise) so that even large differences in organism response between the IWC and control 


cannot be distinguished as statistically different, and the effluent is incorrectly classified as non-


toxic (outcome [3] above). 


Organism responses to the IWC and control are unlikely to be exactly the same. The difference 


might be so small that even if statistically significant, it would be considered biologically 


negligible. Another approach for assessing an effluent’s toxicity on the basis of collected WET 


data might be to rephrase the question, “Does the mean WET test response in the control and the 


IWC differ by a defined biological amount?” That approach is known as the test of 


bioequivalence, which the Food and Drug Administration has successfully used to evaluate 


drugs, as have many researchers in other biological fields. Using the TST approach, the question 


is, “Is the organism response at the IWC less than or equal to a fixed fraction of the control 


response (e.g., 75 percent of the control mean response)?” That fixed fraction, expressed as a 


decimal between 0.00 and 1.00, is termed “b” in the TST approach. Thus, the hypothesis being 


tested is written as follows: mean response [IWC]  b × mean response [control]. 


The TST approach requires defining what is considered toxic. For chronic testing (i.e., for both 


lethal and sublethal toxicity test endpoints) in EPA’s NPDES WET Program, the b value in the 


TST analysis is set at 0.75, which means that a 25 percent effect (or more) is considered 


evidence of unacceptable chronic toxicity. IWC responses substantially less than a 25 percent 


effect would be interpreted to have a lower risk potential. The regulatory management decision 


(RMD) for acute WET methods is set at 0.80, which means that a 20 percent effect (or more) is 


considered evidence of unacceptable acute toxicity. The acute RMD toxicity threshold is higher 


than that for chronic WET methods because of the severe environmental implications of acute 


toxicity (lethality or organism death). For more discussion on the b values of 0.75 (chronic 


toxicity) and 0.80 (acute toxicity), see Section 2.1 of this document. 


EPA’s RMDs using the TST approach identify true toxicity in WET tests most of the time when 


it occurs, while also minimizing the probability that the IWC is declared toxic when in fact it is 


not. That objective requires additional RMDs regarding acceptable maximum false positive (  or 


beta using a TST approach) and false negative rates (  or alpha using a TST approach). In the 


TST approach, the RMDs are defined as (1) declare a sample toxic at least 75 percent of the time 


(alpha,  < 0.25) when there is unacceptable toxicity (20 percent effect for acute and 25 percent 


effect for chronic test methods), and (2) declare an effluent non-toxic no more than 5 percent 
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(beta,  < 0.05) of the time when the mean effect at the critical effluent concentration is  10 


percent for both acute and chronic WET tests (including for sublethal endpoints). For more 


discussion on the RMDs, see Section 2.1 of this document. 


On the basis of EPA’s analyses, the alpha levels shown in Table ES-1 are recommended for the 


nine WET test methods examined using the TST approach. An important feature of the TST 


approach is that the false negative error rate (rate of declaring a toxic effluent to be non-toxic) is 


established, which, under the traditional hypothesis testing approach, had not been established by 


EPA previously. For more discussion on the inclusion of the beta error rate in the TST approach, 


see Section 1.2 of this document and Section 1.1 on the current approach in EPA’s 1991 TSD. A 


demonstrated benefit of the TST approach is that increasing within-test replication (the test 


power) results in a lower rate of WET tests being declared toxic using the TST approach when 


the IWC is truly non-toxic. 


Results obtained from the TST analyses using the nine EPA test methods should be applicable to 


other EPA WET methods not examined. For example, results generated under this project for the 


fish Pimephales promelas survival and growth test is extrapolated to other EPA fish survival and 


growth tests (e.g., Menidia sp., Cyprinus variegatus, Atherinops affinis) because those test 


methods use a similar test design (e.g., number of replicates, number of organisms tested) and 


measure the same endpoints. 


Summary 


More than 2,000 WET test results and more than one million simulations were conducted to 


develop the technical basis for the TST approach. The approach builds on the strengths of the 


traditional hypothesis testing approach, including use of robust statistical analyses and published 


EPA documents regarding WET data analysis and interpretation. The TST approach yields a 


rigorous statistical interpretation of valid WET data by incorporating transparent RMDs and 


established alpha and beta error rates, which can provide incentives to generate test results 


having greater test power. Because the approach considers statistical test power, its use will 


result in greater confidence in WET regulatory decisions. In addition, the TST approach provides 


a positive incentive for the permittee to generate valid, high quality WET data by either 


increasing the number of test replicates for the IWC and the control within a test and/or 


achieving better precision within a test through improved WET test method performance (e.g., a 


high level of quality assurance and quality control). 


Permitting authorities should consider the practical programmatic shift from the traditional 


hypothesis testing approach to the TST approach by opening a dialogue with their regulated 


community. In addition, they might want to begin to identify what changes might be needed to 


assimilate the TST approach into any regulations, policy, guidance, and training in their 


respective NPDES WET Programs. Again, the traditional hypothesis testing approach under 


EPA’s TSD is still considered valid as applied; however, that approach can now be advanced 


through the TST approach by providing new incentives to permittees to provide valid, high 


quality WET data. 
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Table ES-1. Summary of alpha ( ) levels or false negative rates recommended for different WET test 
methods using the TST approach  


EPA WET test method b value 


Probability of declaring a 
toxic effluent non-toxic


 


False negative ( ) error
a 


Chronic Freshwater and East Coast Methods 


Ceriodaphnia dubia (water flea) survival and 
reproduction 


0.75 0.20
 


Pimephales promelas (fathead minnow) survival 
and growth 


0.75 0.25 


Selenastrum capricornutum (green algae) growth 0.75 0.25 


Americamysis bahia (mysid shrimp) survival and 
growth 


0.75 0.15 


Arbacia punctulata (Echinoderm) fertilization 0.75 0.05 


Cyprinodon variegatus (Sheepshead minnow) and 
Menidia beryllina (inland silverside) survival and 
growth 


0.75 0.25 


Chronic West Coast Marine Methods
 


Dendraster excentricus and Strongylocentrotus 
purpuratus (Echinoderm) fertilization 


0.75 
0.05 


Atherinops affinis (topsmelt) survival and growth 0.75 0.25 


Haliotis rufescens (red abalone), Crassostrea gigas 
(oyster), Dendraster excentricus, 
Strongylocentrotus purpuratus (Echinoderm) and 
Mytilus sp (mussel) larval development methods 


0.75 0.05 


Macrocystis pyrifera (giant kelp) germination and 
germ-tube length 


0.75 0.05 


Acute Methods
 


Pimephales promelas (fathead minnow), 
Cyprinodon variegatus (Sheepshead minnow), 
Atherinops affinis (topsmelt), Menidia beryllina 
(inland silverside) acute survival


b 
 


0.80 


 


0.10 


 


Ceriodaphnia dubia, Daphnia magna, Daphnia 
pulex, Americamysis bahia acute survival


b
 


0.80 0.10 


Notes: 


a. (1) declare a sample toxic at least 75 percent of the time (alpha < 0.25) when there is unacceptable toxicity (20 
percent effect for acute and 25 percent effect for chronic test methods) and (2) declare an effluent non-toxic no more 
than 5 percent of the time (beta < 0.05) when the mean effect at the critical effluent concentration is 10 percent for 
both acute and chronic WET tests (including sublethal endpoints). For more discussion on the RMDs, see Section 2.1 
of this document. 


b. Based on four replicate test design 


 


In addition, EPA recommends the following: 


 Permitting authorities should decide up front which approach (the EPA’s 1991 TSD 


approach, the TST approach, or another scientifically defensible approach that is sufficient 


to meet the statutory and regulatory requirements) they will follow (including for their RP 


procedures) and use the selected approach consistently in all their state NPDES permits. 


Permitting authorities should ensure that the most environmentally protective approach is 


consistently used across all permits when assessing valid WET data (e.g., WET RP) for 
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NPDES permit requirements (e.g., WET limits, monitoring frequencies, toxicity 


identification evaluation/toxicity reduction evaluation) and avoid selecting the approach 


that underestimates the true toxicity of the permitted effluent discharge. 


 Where a small data set exists (fewer than four valid WET tests performed and reported in 


the previous 5 years), permitting authorities should use the TSD approach for determining 


RP. With small WET data sets, the TSD’s RP multiplying factor is more conservative for 


environmental water quality protection purposes than the TST. The TST approach is 


intended for larger data sets (four or more) because it does not use an RP multiplying 


factor. 


 If WET tests have already been performed, the WET data generated cannot be modified to 


increase the number of test replicates within a test. The decision to increase the number of 


within test replicates is a decision that needs to be made before conducting the WET tests. 


 Where a permittee has concerns about WET data quality, EPA recommends increasing the 


number of replicates in tests, even if the permitting authority has not yet adopted the TST 


approach. 
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ACRONYMS AND ABBREVIATIONS 


CFR Code of Federal Regulations 


CV coefficient of variation 


CWA 


DMR 


Clean Water Act 


discharge monitoring report 


EC effect concentration 


EPA U.S. Environmental Protection Agency 


IC25 25 percent inhibition concentration 


IWC in-stream waste concentration 


LC50 50 percent lethal concentration  


LOEC lowest observed effect concentration 


MDL 


NOEC 


maximum daily limit 


no observed effect concentration 


NPDES National Pollutant Discharge Elimination System 


QA/QC quality assurance/quality control 


RMD 


RP 


RPMF 


RWC 


SWAMP 


regulatory management decision 


reasonable potential 


reasonable potential multiplying factor 


receiving water concentration 


Surface Water Ambient Monitoring Program (California) 


TAC 


TIE 


TRE 


test acceptability criteria 


toxicity identification evaluation 


toxicity reduction evaluation 


TSD Technical Support Document for Water Quality-Based Toxics Control 


TST Test of Significant Toxicity 


TU 


WET 


toxicity unit 


whole effluent toxicity 
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GLOSSARY 


Acute Toxicity Test is a test to determine the concentration of effluent or ambient waters that 


causes an adverse effect (usually mortality) on a group of test organisms during a short-term 


exposure (e.g., 24, 48, or 96 hours). Acute toxicity is determined using statistical procedures 


(e.g., point estimate techniques or a t-test). 


Ambient Toxicity is measured using a toxicity test on a sample collected from a receiving 


waterbody. 


Chronic Toxicity Test is a short-term test in which sublethal effects (e.g., reduced growth or 


reproduction) are usually measured in addition to lethality. 


Coefficient of Variation (CV) is a standard statistical measure of the relative variation of a 


distribution or set of data, defined as the standard deviation divided by the mean. The CV can be 


used as a measure of precision within and between laboratories, or among replicates for each 


treatment concentration. 


Confidence Interval is the numerical interval constructed around a point estimate of a 


population parameter. 


Effect Concentration (EC) is a point estimate of the toxicant concentration that would cause an 


observable adverse effect (e.g., mortality, fertilization). EC25 is a point estimate of the toxicant 


concentration that would cause an observable adverse effect in 25 percent of the test organisms. 


False Negative is when the in-stream waste concentration is declared non-toxic but in fact is 


truly toxic. In the traditional hypothesis approach, false negative error rate is denoted by Beta 


( ). In the TST approach, false negative error rate is denoted as Alpha ( ), which applies when 


the percent effect in the critical effluent concentration is > 25% for a given test. 


False Positive is when the in-stream waste concentration is declared toxic but in fact is truly 


non-toxic. In the traditional hypothesis approach, false positive error rate is denoted by Alpha 


( ). In the TST approach, false positive error rate is denoted as Beta ( ), which applies when the 


percent effect in the critical effluent concentration is < 10% for a given test. 


Hypothesis Testing is a statistical approach (e.g., Dunnett’s procedure) for determining whether 


a test concentration is statistically different from the control. Endpoints determined from 


hypothesis testing are no observed effect concentration and lowest observed effect concentration 


(LOEC). The two hypotheses commonly tested in WET are: 


Null hypothesis (Ho): The effluent is non-toxic. 


Alternative hypothesis (Ha): The effluent is toxic. 


Inhibition Concentration (IC) is a point estimate of the toxicant concentration that would cause 


a given percent reduction in a nonlethal biological measurement (e.g., reproduction or growth), 


calculated from a continuous model (i.e., Interpolation Method). IC25 is a point estimate of the 


toxicant concentration that would cause a 25 percent reduction in a nonlethal biological 


measurement. 
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In-stream Waste Concentration (IWC) is the concentration of a toxicant or effluent in the 


receiving water after mixing. The IWC is the inverse of the dilution factor. It is sometimes 


referred to as the receiving water concentration (RWC). 


Lethal Concentration, 50 percent (LC50) is the toxicant or effluent concentration that would 


cause death to 50 percent of the test organisms. 


Lowest Observed Effect Concentration (LOEC) is the lowest concentration of an effluent or 


toxicant that results in statistically significant adverse effects on the test organisms (i.e., where 


the values for the observed endpoints are statistically different from the control). 


No Observed Effect Concentration (NOEC) is the highest tested concentration of an effluent 


or toxicant that causes no observable adverse effect on the test organisms (i.e., the highest 


concentration of toxicant at which the values for the observed responses are not statistically 


different from the control). 


National Pollutant Discharge Elimination System (NPDES) is the national program for 


issuing, modifying, revoking and reissuing, terminating, monitoring and enforcing permits, and 


imposing and enforcing pretreatment requirements, under the Clean Water Act sections 307, 318, 


402, and 405. 


Power (or test power) in the context of the Test of Significant Toxicity approach, is the 


probability of correctly declaring an effluent non-toxic when, in fact, it has an acceptably low 


level of toxicity. 


Precision is a measure of reproducibility (which is a statistical term about the ability to 


reproduce similar results across test replicates with in a test treatment) within a data set. 


Precision can be measured both within a laboratory (within-laboratory) and between laboratories 


(between-laboratory) using the same test method and toxicant. 


Quality Assurance (QA) is a practice in toxicity testing that addresses all activities affecting the 


quality of the final effluent toxicity data. QA includes practices such as effluent sampling and 


handling, source and condition of test organisms, equipment condition, test conditions, 


instrument calibration, and replication, use of reference toxicants, recordkeeping, and data 


evaluation. 


Quality Control (QC) is the set of more focused, routine, day-to-day activities carried out as 


part of the overall QA program. 


Reasonable Potential (RP) is where an effluent is projected or calculated to cause an excursion 


above a water quality standard based on a number of factors including the four factors listed in 


Title 40 of the Code of Federal Regulations Part 122.44(d)(1)(ii). 


Reference Toxicant Test is a check of the sensitivity of the test organisms and suitability of the 


test methodology using the reference toxicant required by the EPA WET test methods. Reference 


toxicant data are part of a routine QA/QC program to evaluate the performance of laboratory 


personnel and the robustness and sensitivity of the test organisms. 
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Regulatory Management Decision (RMD) is the decision that represents the maximum 


allowable error rates and thresholds for toxicity and non-toxicity that would result in an 


acceptable risk to aquatic life. 


Replicate is two or more independent organism exposures of the same treatment (i.e., effluent 


concentration) within a WET test. Replicates are typically separate test chambers with 


organisms, each having the same effluent concentration. 


Sample is defined as a representative portion of a specific environmental matrix that is used in 


toxicity testing. For this document, environmental matrices could include effluents, surface 


waters, groundwater, stormwater, and sediment. 


Significant Difference is defined as a statistically significant difference (e.g., 95 percent 


confidence level) in the means of two distributions of sampling results. 


Statistic is a computed or estimated quantity such as the mean, standard deviation, or coefficient 


of variation. 


Test Acceptability Criteria (TAC) are test method-specific criteria for determining whether 


toxicity test results are acceptable. The effluent and reference toxicant must meet specific criteria 


as defined in the test method (e.g., for the Ceriodaphnia dubia survival and reproduction test, the 


criteria are as follows: the test must achieve at least 80 percent survival and an average of 15 


young per surviving female in the control and at least 60% of surviving organisms must have 


three broods). 


t-test (formally Student’s t-Test) is a statistical analysis comparing two sets of replicate 


observations—in the case of WET, only two test concentrations (e.g., a control and IWC). The 


purpose of this test is to determine if the means of the two sets of observations are different (e.g., 


if the IWC or ambient concentration differs from the control [i.e., the test result is pass or fail]). 


Type I Error (alpha ) is the error of rejecting the null hypothesis (Ho) that should have been 


accepted. 


Type II Error (beta ) is the error of accepting the null hypothesis (Ho) that should have been 


rejected. 


Toxicity Test is a procedure to determine the toxicity of a chemical or an effluent using living 


organisms. A toxicity test measures the degree of effect on exposed test organisms of a specific 


chemical or effluent. 


Welch’s t-test is an adaptation of Student’s t-test intended for use with two samples having 


unequal variances. 


Whole Effluent Toxicity (WET) is the total toxic effect of an effluent measured directly with a 


toxicity test. 
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1.0 INTRODUCTION 


Whole effluent toxicity (WET) test methods are laboratory procedures that measure biological 


effects (e.g., survival, growth, reproduction) on aquatic organisms exposed to effluents or storm 


water discharged to receiving waters in implementing the National Pollutant Discharge 


Elimination System (NPDES) Program under the Clean Water Act (CWA) section 402. Since the 


publication of EPA’s Technical Support Document for Water Quality-based Toxics Control 


(TSD) (USEPA 1991), permitting authorities have requested alternative approaches for 


analyzing WET test data that would provide increased confidence in the data assessment and 


simplify the NPDES permit decision-making process with respect to WET. In response to those 


requests, EPA developed the TST approach as another statistical option to analyze valid WET 


test data. This document presents the NPDES programmatic features of the TST statistical 


approach for analyzing valid WET data and how it can be used to support permitting authorities 


and permittees when analyzing and interpreting WET test data. Use of the TST approach does 


not result in any changes to EPA’s WET test methods, nor does it preclude the use of EPA’s 


TSD approaches for analyzing valid WET data, or another scientifically defensible approach that 


is sufficient to meet the statutory and regulatory requirements. 


1.1 Terminology and Concepts 


This section briefly summarizes the major statistical concepts and terminology involved in WET 


analysis so as to give the reader a context with which to understand the TST approach and how it 


differs from current statistical approaches used to analyze valid WET data. This TST 


implementation document is not intended to provide a detailed discussion of WET test methods, 


data interpretation, or statistics, and it is assumed that the reader will consult EPA’s TSD, WET 


test method documents, and other WET-related documents (e.g., Understanding and Accounting 


for Method Variability in Whole Effluent Toxicity Applications, USEPA 2000). 


In the NPDES Program, WET tests examine organism responses to effluent, typically along a 


dilution series (USEPA 1995, 2002a, 2002b, 2002c). Acute WET methods measure the lethal 


response of test organisms exposed to effluent (USEPA 2002c). The principal response 


endpoints for those methods are the effluent concentration that is lethal to 50 percent of the test 


organisms (LC50) or the effluent concentration at which survival is significantly lower than the 


control. Chronic WET methods often measure both lethal and sublethal responses of test 


organisms. The statistical endpoints used in chronic WET testing are the no observed effect 


concentration (NOEC) and the 25 percent inhibition concentration (IC25). The NOEC endpoint 


is determined using a hypothesis testing approach that identifies the maximum effluent 


concentration at which the response of test organisms is not significantly different from the 


control. From a regulatory perspective, an effluent sample is declared toxic if the NOEC is less 


than the in-stream waste concentration (IWC) specified through the WET limitations in the 


permit. The IC25, by contrast, is a point estimation approach. It identifies the concentration at 


which the response of test organisms is 25 percent below that observed in the control 


concentration, and it interpolates the effluent concentration at which this magnitude of response 


is expected to occur. From a regulatory perspective, an effluent sample is declared toxic if the 


IC25 is less than the IWC specified through the WET limitations in the permit. This document 


focuses only on the hypothesis testing approach and not on point estimation approaches for 


analyzing and interpreting WET data. 
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In any hypothesis testing approach, two hypotheses are stated: the null hypothesis and the 


alternative hypothesis. The statistical concepts associated with the traditional hypothesis testing 


approach currently used in WET analysis are summarized in Table 1. Using that approach, the 


null hypothesis is that the IWC is non-toxic (i.e., the organism response at the IWC is equal to or 


better than the response in the test control). The alternative hypothesis is that the IWC is toxic 


(i.e., the organism response is worse in the IWC than in the control). With any hypothesis testing 


approach, two types of decision errors occur: (1) conclude that the null hypothesis is correct 


when in fact it is not or (2) conclude that the null hypothesis is incorrect (i.e., reject the null 


hypothesis) and thereby declare that the alternative hypothesis is correct, when in fact the null 


hypothesis is correct. In WET testing, the first type of error above is referred to as a false 


negative, meaning that the IWC is declared non-toxic when in fact it is toxic. The second type of 


error above is referred to as a false positive in WET testing, meaning that the IWC is declared 


toxic when in fact it is not. 


In the traditional hypothesis testing approach summarized in Table 1, statisticians have assigned 


Greek letters to the two types of errors identified above. Alpha (or ) refers to the false positive 


error rate. Beta (or ) refers to the rate of false negatives. In the EPA WET test methods 


supporting the NPDES WET Program (USEPA 1995, 2002a, 2002b),  was established but  


was not. Therefore, the application of  from the EPA test methods and implemented under 


EPA’s TSD, recommended that the maximum rate of false positives that should be observed 


should be low (no more than 5 percent or  = 0.05), but the rate of false negatives was not 


similarly controlled and is not currently evaluated in WET testing. As a result, the rate of false 


negatives in the NPDES WET Program has not been controlled. Put another way, the statistical 


power of these tests, the ability to correctly classify the IWC as toxic (where power is defined as 


1- , Table 1) has not been controlled. 


As noted previously in this section, a hypothesis testing approach determines whether the 


organism response at the IWC is significantly worse than that in the control. In practice, this 


statistical approach relies on two properties of the data: the average values in the control and the 


IWC (e.g., average fish weight in each test concentration), and the variability observed among 


replicates (i.e., organisms’ responses from multiple replicates) within the IWC and the control. 


Whether the IWC is considered toxic depends on both of those data properties, which in many 


cases results in a well-established, statistically rigorous way to evaluate WET data. However, 


there are two types of situations in which the traditional hypothesis testing approach can yield 


equivocal results in WET testing: (1) in tests where within-test variability is high and (2) in tests 


where within-test variability is exceptionally low. In the first case, because within-test variability 


is high, it will be difficult to determine statistically whether the organism response to the IWC is 


worse than the control. That could result in more false negatives than would otherwise be the 


case. In the second case above, because within-test variability is very low, it will be relatively 


easy to show statistically significant differences in organism response between the IWC and the 


control. That could result in more false positives (as defined in the TST approach) than would 


otherwise be the case. 
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Table 1. Expression of null and alternative hypotheses used in traditional hypothesis testing and 
relationships between error rates and resulting decisions based on this approach. Entries correspond to 
the probability decision given in parentheses. The probability of a false positive (i.e., rejecting a null 
hypothesis that should not have been rejected) is represented by α and the probability a false negative 
(i.e., failing to reject the null hypothesis when it should have been rejected) is represented by β. 


Decision 


True condition 


Null hypothesis 


Treatment mean ≥ Control mean 


Sample is non-toxic 


Alternative hypothesis 


Treatment mean < Control mean 


Sample is toxic 


Treatment mean ≥ Control 
mean 


Sample is non-toxic 


Correct decision (1- ) False negative ( ) 


Treatment mean < Control 
mean 


Sample is toxic 


False positive ( ) Correct decision 


(1 – ) (power) 


 


1.2 Background on the TST Approach 


The TST is an alternative statistical approach for analyzing and interpreting valid WET data that 


also uses a hypothesis testing approach but in a different way, building on previous work 


conducted by EPA in the NPDES WET Program (USEPA 2000) and other researchers (Erickson 


and McDonald 1995; Shukla et al. 2000; Berger and Hsu 1996). The TST approach is based on a 


type of hypothesis testing referred to as bioequivalence testing. Bioequivalence is a statistical 


approach that has long been used in evaluating clinical trials of pharmaceutical products 


(Anderson and Hauck 1983) and by the Food and Drug Administration (Hatch 1996; Aras 2001; 


Streiner 2003). The approach has also been used to evaluate the attainment of soil cleanup 


standards for contaminated sites (USEPA 1989) and to evaluate effects of pesticides in 


experimental ponds (Stunkard 1990). In the context of the NPDES WET Program, the TST 


approach assesses whether the response of test organisms at the IWC (e.g., fish weight or number 


of neonates per female) is less than a predetermined proportion of the control response that is 


considered unacceptably toxic. Once the WET test has been conducted (using multiple effluent 


concentrations and other requirements have been met as specified in the EPA methods), the TST 


approach is designed to be used for a two concentration data analysis of the in-stream waste 


concentration (IWC) or a receiving water concentration (RWC) compared to a control 


concentration. 


The null hypothesis using the TST approach is that the IWC is significantly more toxic (i.e., 


results in a worse organism response) compared to the control (see Table 2). The alternative 


hypothesis using the TST approach is that the IWC is non-toxic. Thus, the null and alternative 


hypotheses using the TST approach are opposite of what they are under the traditional hypothesis 


testing approach described in Section 1.1. In addition, the meaning of  and  are also opposite 


from what they represent in the traditional hypothesis approach. Under the TST approach,  is 


associated with false negatives, and  is associated with false positives. Statistical power using 


the TST approach is the ability to correctly classify the IWC as non-toxic (Table 2). The 


proportion or fraction of the control response that represents the toxicity threshold is denoted as 


b in the equations in Table 2 and is expressed as a decimal between 0.00 and 1.00. For example, 
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a b value set at 0.85 would mean that a response at the IWC that is at least 85 percent of the 


control response in the test (i.e., no more than a 15 percent effect) would be considered a lower 


risk for environmental impacts. 


Using the TST hypothesis approach in the NPDES WET Program has several benefits. By 


incorporating b in the hypothesis equation, using the TST approach, there is explicit 


acknowledgement of the fact that the organism response at the IWC can be less than the control 


organism response by a certain amount and still be considered acceptable (i.e., non-toxic). In that 


way, truly non-toxic samples (as defined in the TST approach) can be addressed in a clearer 


manner than is possible with the traditional hypothesis testing approach as practiced in the 


NPDES WET Program. A low false positive rate in the TST approach is further addressed by 


having a low  (   0.05), which means more statistical power to identify an acceptable effluent 


(as defined by EPA’s regulatory management decisions [RMDs]) as non-toxic in the NPDES 


WET Program. In addition, because the null hypothesis in the TST approach is opposite to what 


is used in the traditional hypothesis testing approach, false negatives are explicitly addressed (  


in the TST approach addresses the false negative rate). As mentioned previously, the current 


NPDES WET Program does not control for false negatives. Thus, the TST approach allows 


permitting authorities to minimize the occurrence of false negatives (i.e., declaring the IWC non-


toxic when it is actually exhibiting unacceptable toxicity), while also minimizing the occurrence 


of false positives (i.e., declaring the IWC toxic when it is actually acceptable). The TST 


approach has the added advantage of providing permittees with a clear incentive to improve the 


precision of test results (e.g., decrease within-test variability and/or use more replicates within a 


WET test than the minimum required in the EPA WET test method) to reach a definitive 


conclusion as to whether unacceptable toxicity is observed in a test. Thus, using the TST 


approach, a permittee can in fact prove a negative, i.e., that their effluent is acceptable (non-


toxic). 


Table 2. Expression of null and alternative hypotheses using the TST approach and relationships 
between error rates and resulting decisions based on this approach. Entries correspond to the probability 
decision given in parentheses. The probability of a false positive (i.e., rejecting a null hypothesis that 
should not have been rejected) is represented by α and the probability a false negative (i.e., failing to 
reject the null hypothesis when it should have been rejected) is represented by β. 


Decision 


True condition 


Null hypothesis 


Treatment mean ≤ b × Control mean 


Sample is toxic 


Alternative hypothesis 


Treatment mean > b × Control mean 


Sample is non-toxic 


Treatment mean ≤ b × 
Control mean 


Sample is toxic 


Correct decision (1- )  False positive ( ) 


Treatment mean > b × 
Control mean 


Sample is non-toxic 


False negative ( ) Correct decision 


(1- ) (power) 
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2.0 TST METHODOLOGY 


2.1 Regulatory Management Decisions for the TST Approach 


Toxicity is not an absolute quantity but rather an effect that is determined relative to a control or 


reference sample using a given WET test method. In the TST approach, what is considered 


unacceptable or acceptable toxicity are explicit RMDs. For chronic testing in EPA’s NPDES 


WET Program, the b value in the TST null hypothesis is set at 0.75, which means that a 25 


percent effect (or more) is considered a demonstration of unacceptable toxicity in a given WET 


test. Using a 25 percent effect threshold as the b coefficient is consistent with EPA’s use of a 25 


percent inhibition concentration (IC25) as an acceptable WET endpoint for examining chronic 


WET data. Responses substantially less than a 25 percent effect would be interpreted as a lower 


risk potential. The unacceptable toxicity RMD threshold for acute WET methods is set higher 


than that for chronic WET methods because of the severe environmental implications of acute 


toxicity (lethality or organism death). Therefore, for acute WET tests, the b value in the TST 


approach is set at 0.80 (i.e.,  20 percent effect in the effluent in acute WET tests is considered 


unacceptable). 


For both acute and chronic WET test methods, the low-risk RMD threshold is set at a 10 percent 


mean effect at the IWC within a WET test. Thus, one can prove the negative (i.e., an effluent is 


acceptable or considered non-toxic under NPDES) if that condition is met in a WET test. For 


mean effect levels greater than 10 percent but less than the unacceptable toxicity RMD threshold 


(20 percent for acute and 25 percent for chronic WET tests), the TST approach will still declare 


the IWC non-toxic depending on within-test variability: the lower the variability in the WET test, 


the more likely the sample will be declared non-toxic on the basis of the mean responses 


observed under these test conditions. 


EPA’s RMDs using the TST approach are used to specify unacceptable toxicity in WET tests 


most of the time when it occurs (i.e., a low false negative rate). As mentioned previously, under 


the traditional hypothesis testing approach currently used in the NPDES WET Program, the false 


negative rate was not controlled. Using the TST approach, the false negative rate RMD is 0.05  


 < 0.25, which translates to at least 75 percent probability that an effluent causing unacceptable 


toxicity will be declared toxic. As noted in the previous paragraph, the unacceptable toxicity 


RMD threshold is defined as  20 percent effect of the IWC in acute WET tests and  25 percent 


effect of the IWC in chronic WET tests. 


EPA also desires to minimize the probability that the IWC is declared toxic when in fact it is 


acceptable (i.e., low false positive rate). Under the traditional hypothesis testing approach 


currently used in the NPDES WET Program, the false positive rate is set at 0.05 or 5 percent. 


Therefore, in the TST approach, the desired false positive rate is also set at 0.05 or 5 percent (  < 


0.05). A  = 0.05 in the TST approach means that 95 percent of the time, a truly acceptable 


effluent (  10 percent mean effect at the IWC) will be declared non-toxic in the NPDES WET 


Program. Depending on the minimum WET test design required in the EPA methods (e.g., 


number of replicates and number of organisms per test concentration) and achievable laboratory 


control precision for a WET test method,  will be set between 0.05 and 0.25 while still 
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maintaining a   0.05. Extensive analyses were used to identify the lowest  for a given WET 


test method for which  = 0.05 and all other RMDs are met. 


The RMD thresholds above represent boundaries in terms of desired  and  rates. An  = 0.20 


for a chronic test method, for example, means that the Type I error rate will be approximately 20 


percent at a mean effect of 25 percent. At higher levels of effect in the IWC, actual Type I error 


rates would be lower; at lower mean effect levels in the IWC, Type I error rate would be 


somewhat higher, depending on the test method. Therefore, at mean effect levels between the 10 


percent non-toxic RMD boundary and the unacceptable toxicity RMD boundary (20 percent for 


acute and 25 percent for chronic WET test methods), there are differing probabilities of an 


effluent being declared toxic depending on within-test variability and the difference in mean 


responses observed between control and IWC. As a result, there will be some instances in which 


TST will declare a test toxic, whereas the traditional hypothesis approach would declare that test 


non-toxic (particularly when within-test variability is high or the mean effect at the IWC is near 


25 percent, as explained in Section 1.1). Similarly, there will be some instances in which TST 


will declare an effluent non-toxic but the traditional hypothesis approach would declare that test 


toxic (when within-test variability is low and the mean effect at the IWC is less than the 20 


percent toxicity RMD threshold for acute test methods or 25 percent for chronic toxicity test 


methods, as explained in Section 1.1). 


WET test design and the types of WET endpoints measured influence test sensitivity (e.g., 


control coefficient of variation or CV). Therefore, TST  error rates are identified for different 


types of test designs. For example, all fish chronic WET test methods that use a similar test 


design and have the same type of test endpoints (e.g., growth and survival) would have the same 


 value. Varying  by WET test design is appropriate for the TST approach. Given the way that 


the hypotheses are formulated in the TST approach (see Table 2),  represents what is 


considered  in the traditional hypothesis testing approach, and an acceptable  error was not 


identified in the current EPA TSD’s approach to the EPA NPDES WET Program. Setting  as 


well as  in the TST approach addresses both false positives and false negatives. 


2.2 Setting the Test Method-Specific Alpha Level 


Several types of analyses were conducted to determine the appropriate  level for each WET test 


method. First, representative effluent and reference toxicant data meeting EPA WET test 


method’s test acceptability criteria (TAC) were obtained from several state databases, which 


included multiple laboratories and wastewater effluents. Valid effluent WET data that met the 


following data selection requirements were considered to be a representative sample. 


 Cover a range of NPDES permitted facility types, including both industrial and municipal 


permittees 


 Represent many facilities for a given EPA WET test method (i.e., no one facility 


dominates the data for a given WET test method) 


 Cover a range of target (design) effluent dilutions on which WET reasonable potential 


(RP) and NPDES permit compliance are based, ranging from 10 percent to 100 percent 


effluent concentrations 


 Generated by several laboratories for a given EPA WET test method 
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 Cover a range of observed effluent toxicity for each EPA WET test method (e.g., NOECs 


range from < 10 percent to 100 percent effluent) 


 


For each of the nine EPA WET test methods examined, control precision was calculated on the 


basis of valid WET data compiled in this project. A similar analysis was performed for the 


control response for each of the nine test methods (e.g., mean number of offspring per female in 


the chronic Ceriodaphnia dubia test method) to characterize typical achievable test performance 


in terms of control response. 


A Monte Carlo simulation analysis (a statistical method) was used to estimate the percentage of 


WET tests that would be declared toxic using the TST approach as a function of different  


levels, within-test variability (control and effluent variability), and different effect levels. That 


analysis identified probable false positive error rates (i.e., declaring an effluent toxic when in fact 


it is not) under all WET test scenarios encountered. Using the RMDs defined above, an 


appropriate  level was then identified for each WET test design given a desired  error of < 5 


percent (0.05) when there is a 10 percent mean effect at the IWC. By simulating thousands of 


WET tests for a given scenario (mean percent effect and control CV), the percentage of tests 


declared toxic under a given effluent assessment scenario could be calculated and compared with 


other scenarios. 
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3.0 USING THE TST APPROACH IN WET DATA ANALYSES 


3.1 Summary of Test Method-Specific Alpha Values 


On the basis of all the analyses conducted in this project, EPA recommends the following alpha 


levels when using the TST approach in a two concentration (i.e., two treatments) data analysis 


comparison (e.g., IWC and control) (see Table 3). 


Table 3. Summary of alpha ( ) levels or false negative rates recommended for different WET test 
methods using the TST approach 


EPA WET test method b value 


Probability of declaring a 
toxic effluent non-toxic


 


False negative ( ) error
a 


Chronic Freshwater and East Coast Methods 


Ceriodaphnia dubia (water flea) survival and 
reproduction 


0.75 0.20
 


Pimephales promelas (fathead minnow) survival 
and growth 


0.75 0.25 


Selenastrum capricornutum (green algae) growth 0.75 0.25 


Americamysis bahia (mysid shrimp) survival and 
growth 


0.75 0.15 


Arbacia punctulata (Echinoderm) fertilization 0.75 0.05 


Cyprinodon variegatus (Sheepshead minnow) and  
Menidia beryllina (inland silverside) survival and 
growth 


0.75 0.25 


Chronic West Coast Marine Methods
 


Dendraster excentricus and Strongylocentrotus 
purpuratus (Echinoderm) fertilization 


0.75 
0.05 


Atherinops affinis (topsmelt) survival and growth 0.75 0.25 


Haliotis rufescens (red abalone), Crassostrea gigas 
(oyster), Dendraster excentricus, 
Strongylocentrotus purpuratus (Echinoderm) and 
Mytilus sp (mussel) larval development methods 


0.75 0.05 


Macrocystis pyrifera (giant kelp) germination and 
germ-tube length 


0.75 0.05 


Acute Methods
 


Pimephales promelas (fathead minnow), 
Cyprinodon variegatus (Sheepshead minnow), 
Atherinops affinis (topsmelt), Menidia beryllina 
(inland silverside) acute survival


b 
 


0.80 


 


0.10 


 


Ceriodaphnia dubia, Daphnia magna, Daphnia 
pulex, Americamysis bahia acute survival


b
 


0.80 0.10 


Notes: 


a. (1) declare a sample toxic at least 75 percent of the time (alpha < 0.25) when there is unacceptable toxicity (20 
percent effect for acute and 25 percent effect for chronic test methods) and (2) declare an effluent non-toxic no more 
than 5 percent of the time (beta < 0.05) when the mean effect at the critical effluent concentration is 10 percent for 
both acute and chronic WET tests (including sublethal endpoints). For more discussion on the RMDs, see Section 2.1 
of this document. 


b. Based on four replicate test design 
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3.2 Calculating Statistics for Valid WET Data Using the TST Approach 


Appendix A includes a step-by-step guide for using the TST approach to analyzing WET test 


data. The appendix also includes a statistical flowchart and several examples. Note that the WET 


test method should follow the test condition requirements as specified in EPA’s approved WET 


methods (USEPA 1995, 2002a, 2002b, 2002c). 


The TST approach is used to statistically compare organism responses from two concentrations 


(i.e., treatments) of the WET test, the IWC and the control. Percent data (quantal data), such as 


percent survival or percent germination from a WET test, is first transformed as required in the 


EPA WET test manuals. Other types of WET data (e.g., growth or reproduction data) are not 


transformed. Data are then analyzed using Welch’s t-test, a well-known modification of the 


standard t-test (Zar 1996), which is appropriate for the TST approach (see Appendix A). 


Appendix B lists the critical t values that apply to WET testing using the TST approach given the 


number of degrees of freedom and the  level that applies for a given WET test method from 


Table 3 of this document. If the calculated t value for the WET test is greater than the critical t 


value (see Table B-1), the null hypothesis is rejected, i.e., the test result is Pass and the effluent 


is declared non-toxic. If the calculated t value is less than the critical t value in Appendix B, the 


null hypothesis is not rejected, i.e., the test result is Fail and the effluent is declared toxic. 


Appendix A contains examples that demonstrate the formulae used in the TST approach and are 


designed to illustrate how the outcome is influenced by within-test variability and the mean 


effect of the IWC using the TST approach. Four different case examples are presented, three of 


which have equal variances between control and IWC: (1) Ceriodaphnia reproduction data 


having relatively high within-test variability, (2) Ceriodaphnia reproduction data having 


relatively low within-test variability and the same effect as in Example 1, (3) growth data from 


two fathead minnow chronic WET tests, both with relatively high within-test variability but 


small mean effect at the IWC; one test was conducted with the minimum number of replicates 


required in the EPA WET test method (four replicates) and the other test was conducted a priori 


with six replicates per concentration; and (4) calculations using the TST approach for an acute 


fathead minnow WET test. 


Case Example #1 in Appendix A: Demonstrates a benefit of the TST approach by addressing 


false negatives. A WET test that has relatively high within-test variability for a given WET test 


method and has an effect at the IWC approaching the RMD threshold (25 percent in this case 


because it is a chronic WET test) is declared toxic using the TST approach. Using the traditional 


hypothesis testing approach as recommended in the TSD, such test data typically lead to a 


conclusion that the effluent is not toxic (i.e., a false negative). 


Case Example #3 in Appendix A: Demonstrates the benefits of increased within-test 


replication using the TST approach. Increasing the replication before conducting the test, which 


thereby improves the precision and power of the WET test, increases the chances of rejecting the 


null hypothesis and declaring a truly acceptable effluent as non-toxic using the TST approach. 


That increases the ability to prove the negative, i.e., that an effluent is declared not toxic. 
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The TST approach can also be used for ambient toxicity (i.e., receiving water) tests and 


stormwater toxicity testing programs because the TST approach compares two treatments (for 


application of the TST approach to ambient toxicity testing, see Appendix C). 
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4.0 IMPLEMENTING THE TST APPROACH IN WET NPDES PERMITS 


The TST approach is an alternative approach for analyzing and interpreting valid WET data. Use 


of the TST approach does not result in any changes to EPA’s WET test methods. WET limits are 


simpler to communicate and understand (for example permit language for acute and chronic 


WET monitoring using the TST statistical analysis approach, see Appendix D) than the TSD 


approach. EPA recommends that permitting authorities decide up front which approach (the 


1991 TSD approach, the TST approach, or another scientifically defensible approach that is 


sufficient to meet the statutory and regulatory requirements) they will incorporate and 


consistently use in their state’s NPDES implementation procedures, including their RP 


procedures. The permitting authority should use the selected WET statistical approach 


consistently in all of their state NPDES permits. 


4.1 Reasonable Potential (RP) WET Analysis 


NPDES permitting authorities conducting an RP analysis must follow Title 40 of the Code of 


Federal Regulations (CFR) section 122.44(d)(1) to determine whether a discharge will “cause, 


have the [RP] to cause, or contribute to” an excursion of a numeric criterion or a narrative WET 


criterion. Some states have state-specific WET RP approaches in their water quality control plan 


or other NPDES policy or guidance. 


For RP calculations using the TST approach, EPA recommends that permitting authorities use all 


valid WET test data generated during the current permit term and any additional valid data that 


are submitted as part of the permit renewal application. The TST RP approach necessitates 


having at least a minimum of four valid WET tests to address effluent representativeness (see 


EPA’s TSD, Chapter 3, p. 57, under Step 2 in the section Steps in Whole Effluent 


Characterization Process). EPA also recommends that states request that their permittees 


provide the actual test endpoint responses for the control (i.e., control mean) and IWC 


concentration (i.e., IWC mean) for each WET test conducted to make it easier for permit writers 


to find the necessary WET test results when determining WET RP. WET test data are then 


analyzed according to the TST approach using the IWC and control test concentrations for all the 


valid WET test data available. For data sets with fewer than four valid WET data points, RP 


should be assessed using EPA’s TSD RP approach because it addresses small WET data sets by 


incorporating an RP multiplying factor (see Section 3.3.2 of the TSD, p. 54) to account for 


effluent variability in small WET data sets. If WET test data are available and the TST statistical 


approach indicates that the IWC is toxic in any WET test, RP has been demonstrated (40 CFR 


122.44(d)(1)(i)). Similar to the TSD approach, the TST approach can establish the existence of 


RP for WET even when no tests have been declared toxic using the TST to address concerns 


regarding the “potential to cause or contribute to toxicity.” Appendix E presents the approach 


used to determine RP using the TST approach. 


Note that using the TST approach might be to the permittee’s advantage. If the permittee decides 


to incorporate additional replicates for the control and the IWC within a WET test, beyond the 


minimum required in the WET test method, the test power is increased. More test replicates 


increases test power, which means a higher probability of declaring a sample as non-toxic using 


the TST approach if the effluent is truly non-toxic. A demonstration is provided in Appendix A 


(Case Example #3), which illustrates that as an intended consequence of the TST approach 
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methodology. Thus, using the TST approach, a permittee has a greater ability to prove the 


negative (i.e., their effluent does not have RP). 


In those cases where the WET RP outcome is yes, a WET limit is expressed in the permit. In 


those situations where the RP outcome is no, WET monitoring requirements should still be 


incorporated in the permit. Also in the permit, a test result of Fail (i.e., sample declared toxic) 


during monitoring, would trigger additional steps in the permit. In either of those situations—


either a WET limit or a WET monitoring requirement, if toxicity is demonstrated—states should 


specify an approach to address toxicity in the permit. Doing so often includes increased 


frequency of WET testing and additional permit requirements to perform a toxicity reduction 


evaluation. 


4.2 NPDES WET Permit Limits 


Using the TST approach, WET NPDES permit limits would be expressed as no significant 


toxicity of the effluent at the IWC using the TST analysis approach. A test result of Pass is when 


the calculated t value is greater than the critical t value. A test result of Fail is when the 


calculated t value is less than the critical t value. 


Beyond assessing WET data for the NPDES Program, WET tests are used to assess toxicity of 


receiving water (watershed assessment for CWA section 303(d) determinations) and stormwater 


samples. Often as a first assessment of receiving or stormwater toxicity, researchers test a control 


and a single concentration (e.g., 100 percent receiving water or stormwater). In such cases, the 


TST approach can be used in the same way a t-test is used. Such analysis is used to determine 


whether organism response in a specified ambient concentration is significantly different than the 


control organism response (for further information, see Appendix C). 
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5.0 RECOMMENDATIONS FOR NPDES IMPLEMENTATION OF THE 
TST APPROACH 


5.1 EPA Regions and NPDES States (Permitting Authorities) 


Permitting authorities should consider adding the TST approach to their implementation 


procedures for analyzing valid WET data for their current NPDES WET Program. Permitting 


authorities should consider the practical programmatic shift from the traditional hypothesis 


testing approach to the TST approach by opening a dialogue with their regulated community. In 


addition, they might want to begin to identify what changes might be needed to assimilate the 


TST approach into any regulations, policy, guidance, and training within their respective NPDES 


WET Programs. EPA also recommends that permitting authorities decide up front which RP 


approach (the 1991 TSD approach, the TST approach, or another scientifically defensible 


approach that is sufficient to meet the statutory and regulatory requirements) the permitting 


authority will incorporate and consistently use in their state’s NPDES implementation 


procedures. The permitting authority should then use the WET statistical approach (either the 


TSD approaches or the TST data analysis approach) selected throughout all its state NPDES 


permits. Again, the traditional hypothesis testing approach recommended in EPA’s TSD is still 


considered valid as applied; however, that approach can now be advanced through the TST 


approach by providing new incentives to permittees to generate valid, high quality WET data. 


The RMDs incorporated into the TST approach were selected on the basis of considerable 


research and analysis involving several of the EPA WET test methods. Lower b values (i.e., for 


chronic test methods using a 0.70 instead of 0.75 b is unacceptable) are not recommended 


because it would mean that a lower fraction of test control response (i.e., greater effect at the 


IWC) is considered acceptable. EPA chose the acute and chronic b values to minimize effects on 


aquatic ecosystems. Likewise, the alpha values identified by EPA using the TST approach were 


determined on the basis of the predetermined b values and therefore should not be altered. 


The permitting authority should consider carefully how the TST approach will be implemented 


in NPDES permits. Example permit language is shown in Appendix D. In consideration of 


maintaining NPDES WET Program implementation consistency, the TST approach should be 


used in place of, and not in addition to, the traditional hypothesis testing (NOEC) approach for 


WET analysis. 


5.2 NPDES Permittees 


One of the intended benefits of the TST approach is that increasing the precision and power of 


the WET test increases the chances of declaring a truly acceptable effluent as non-toxic. The 


permittee has greater control over the interpretation of WET test results using the TST approach 


because the RMDs are transparent, and the level of WET data quality needed to obtain 


unequivocal results can be determined beforehand. For example, conducting tests with more test 


replicates improves the power of the WET test, which can then support and provide a defensible 


basis for a permittee’s demonstration that its effluent is acceptable (i.e., in compliance with the 


permit) if the mean effect is truly within the RMDs as defined in the TST approach. Using the 


TST approach, there is a lower rate of WET tests declared toxic for tests that are truly acceptable 


because of the increased power of the WET test when the permittee increases its number of 
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replicates in a WET test or achieves better replication within a test through improved test method 


performance. Thus, the TST approach increases the ability of the permittee to prove the negative, 


that the effluent is non-toxic if it is truly acceptable. Where a permittee has concerns about WET 


data quality, EPA recommends increasing the number of replicates in tests, even if the permitting 


authority has not yet adopted the TST approach. 
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6.0 SUMMARY OF THE TST APPROACH 


EPA’s TSD approaches are valid and can still be used by EPA Regions and their NPDES states. 


The TST approach is another statistical option for analyzing valid WET test data. The TST 


approach can be applied to acute (survival) and chronic (sublethal) endpoints and is appropriate 


to use for both freshwater and marine EPA WET test methods. The TST approach requires no 


more time or expertise than is presently expended when using the TSD hypothesis testing 


statistical approach and can be used with a well-recognized statistical test. Below is a brief 


outline of both the TST and TSD hypothesis testing approaches relevant to the information in 


this document and a short list of the benefits derived when using the TST approach. 


TST Approach 


 Considered additional guidance only—TST is a statistical approach for analyzing WET 


test data as an alternative option to the traditional hypothesis testing approach provided in 


EPA’s TSD 


 Expresses NPDES WET permit limit “as no significant toxicity of the effluent at the in-


stream waste concentration” using the TST analysis approach 


 Provides a positive incentive to NPDES permittees to generate valid, high quality WET 


data to the permitting authority by improving test performance or increasing the number 


of replicates within a WET test (which increases statistical power of WET test) 


 Addresses both false negative (declared non-toxic when actually toxic) and false positive 


(declared toxic when actually non-toxic) error rates in a WET test 


Traditional Hypothesis Test (EPA TSD) 


 Existing approaches remain valid and can still be used by NPDES permitting authorities 


 In existing guidance, WET permit limits are expressed as no observed effect 


concentration (NOEC) at the IWC 


 Provides relatively less incentive to permittees to generate high quality valid, WET data 


or to increase the number of replicates within a WET test to increase statistical power of a 


WET test 


 False negative error rate in a WET test is not addressed 


Benefits When Using the TST Approach in WET Data Analysis 


 The TST approach is similar to statistical concepts used in other EPA programs and at 


other federal agencies 


 Transparent RMDs. RMDs are transparent because they are incorporated into the WET 


data analysis process, e.g., what effect level is considered toxic and what effect level is 


considered acceptable. 


 WET test method-specific alpha and beta error rates. Both error rates are directly 


incorporated into the TST statistical approach, thereby increasing confidence in WET test 


interpretation. 


 High quality WET test data incentive. Provides a positive incentive for the permittee to 


generate valid, high quality WET data; better test performance (lower within-test 
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variability) helps ensure appropriate WET decisions using the TST approach (e.g., a truly 


acceptable effluent will be declared non-toxic). 


 Streamlined, simpler statistical analysis. Flowchart for analyzing valid WET data under 


the TST approach is much simpler because fewer statistical tests are needed. 


 RP analysis is simpler. Because the calculation of the individual test result, using the 


TST statistical approach, incorporates both error rates in the analysis, the RP 


determinations can rely on a direct calculation of the percent effect at the IWC.  Thus, the 


RP procedures are much simpler to use than the RP statistical procedures recommended 


in the TSD. 
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APPENDIX A 


STEP-BY-STEP PROCEDURES FOR ANALYZING VALID WHOLE 
EFFLUENT TOXICITY DATA USING THE TEST OF SIGNIFICANT 


TOXICITY APPROACH 
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APPENDIX A: STEP-BY-STEP PROCEDURES FOR ANALYZING VALID 
WET DATA USING THE TST APPROACH 


The following is a step-by-step guide for using the TST approach to analyze valid WET data for 


the NPDES Program. This guide is applicable for a two-concentration valid WET data analysis 


of an in-stream waste concentration (IWC) or a receiving water concentration (RWC) compared 


to a control concentration. For further information regarding conducting WET tests and proper 


quality assurance/quality control needed, see the EPA WET test method manuals. Refer to the 


flowchart shown in Figure A-1 in this appendix as you proceed through this guide. 


Step 1:  Conduct WET test following procedures in the appropriate EPA WET test method 


manual. That includes following all test requirements specified in the method (USEPA 1995 for 


chronic west coast marine methods, USEPA 2002a for chronic freshwater test methods, USEPA 


2002b for chronic east coast marine test methods, and USEPA 2002c for acute freshwater and 


marine WET test methods). 


Step 2:  For each test endpoint specified in the WET test method manual (e.g., survival and 


reproduction for the Ceriodaphnia chronic WET test method), follow Steps 3–7 below. Note that 


the guide refers to an effluent concentration tested, which is assumed to be the IWC as specified 


in the permit or a receiving water concentration for ambient testing. For example, if no mixing 


zone is allocated, the IWC is 100 percent effluent. 


Note: If there is no variance (i.e., zero variance) in the endpoint in both concentrations being 


compared (i.e., all replicates in each concentration have the same exact response), then skip the 


remaining steps in the flowchart and do the following. Compute the percent difference between 


the control and the other concentration (e.g., IWC) and compare the percent difference against 


the RMD values of 25% for chronic and 20% for acute endpoints.  Percent mean effect is 


calculated as: 


100
ResponseControlMean


IWCat ResponseMeanResponseControlMean
IWCatEffect%  


If the percent mean response is > the RMD, the sample is declared toxic and the test is “Fail”.  If 


the percent mean response is < the RMD, the sample is declared non-toxic and the test is “Pass”. 


Step 3: For data consisting of proportions from a binomial (response/no response; live/dead) 


response variable, the variance within the i
th


 treatment is proportional to Pi (1 – Pi), where Pi is 


the expected proportion for the treatment. That clearly violates the homogeneity of variance 


assumption required by parametric procedures such as the TST procedure because the existence 


of a treatment effect implies different values of Pi for different treatments, i. Also, when the 


observed proportions are based on small samples, or when Pi is close to zero or one, the 


normality assumption might be invalid. The arcsine square root (arcsine ) transformation is 


used for such data to stabilize the variance and satisfy the normality requirement. The square root 


of percent data (e.g., percent survival, percent fertilization), expressed as a decimal fraction 


(where 1.00 = 100 percent) for each treatment, is first calculated. The square root value is then 
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arcsine transformed before analysis in Step 4. Note: Excel and most statistical software packages 


can calculate arcsine values. 


Step 4: Conduct Welch’s t-test (Zar 1996) using Equation 1: 


Equation 1    
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where 


cY  = Mean for the control 


tY
 = Mean for the IWC 


2
cS  = Estimate of the variance for the control 


2
tS  = Estimate of the variance for the IWC 


cn  = Number of replicates for the control 


tn  = Number of replicates for the IWC 


b = 0.75 for chronic test methods; 0.80 for acute test methods 


 


Note on the use of Welch’s t-test: Welch’s t-test is appropriate to use when there are an unequal 


number of replicates between control and the IWC.  When sample sizes of the control and 


treatment are the same (i.e., nt = nc), Welch’s t-test is equivalent to the usual Student’s t-test (Zar 


1996). 


Step 5: Adjust the degrees of freedom (df) using Equation 2: 


Equation 2   
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For tests using Welch’s t-test, df is the value obtained for v in Equation 2 above. Because v is 


most likely a non-integer, round v to the next smallest integer, and that number is the df. 


Step 6: Using the calculated t value from Step 4, compare that t value with the critical t value 


table in Appendix B using the test method-specific alpha values shown in Table A-1. To obtain 


the correct critical t value, look across the table for the alpha value that corresponds to the WET 


test method (for the alpha value, see Appendix A, Table A-1) and then look down the table for 


the appropriate df. 


Step 7: If the calculated t value is less than the critical t value, the IWC is declared toxic and the 


test result is Fail. If the calculated t value is greater than the critical t value, the IWC is not 


declared toxic and the test result is Pass. 
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Figure A-1. Statistical flowchart for analyzing valid WET data using the TST approach for control and  the 
IWC, receiving water, or stormwater. 


 


Pass 


IWC is NOT Toxic 


Fail 


IWC IS Toxic 


Conduct WET test 


Apply arcsine square root transformation for percent data 


(e.g., survival); do not transform other types of WET data 


(e.g., growth or reproduction) 


Calculate t value using 


TST Welch’s t-test 


Calculated t value > critical t value? 


YES NO “Pass” 


IWC is NOT Toxic 


“Fail” 


IWC IS Toxic 
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Table A-1. Summary of alpha ( ) levels or false negative rates recommended for different WET test 
methods using the TST approach 


EPA WET test method b value 


Probability of declaring a 
toxic effluent non-toxic


 


False negative ( ) error
a 


Chronic Freshwater and East Coast Methods 


Ceriodaphnia dubia (water flea) survival and 
reproduction 


0.75 0.20
 


Pimephales promelas (fathead minnow) survival 
and growth 


0.75 0.25 


Selenastrum capricornutum (green algae) growth 0.75 0.25 


Americamysis bahia (mysid shrimp) survival and 
growth 


0.75 0.15 


Arbacia punctulata (Echinoderm) fertilization 0.75 0.05 


Cyprinodon variegatus (Sheepshead minnow) and 
Menidia beryllina (inland silverside) survival and 
growth 


0.75 0.25 


Chronic West Coast Marine Methods
 


Dendraster excentricus and Strongylocentrotus 
purpuratus (Echinoderm) fertilization 


0.75 
0.05 


Atherinops affinis (topsmelt) survival and growth 0.75 0.25 


Haliotis rufescens (red abalone), Crassostrea gigas 
(oyster), Dendraster excentricus, 
Strongylocentrotus purpuratus (Echinoderm) and 
Mytilus sp (mussel) larval development methods 


0.75 0.05 


Macrocystis pyrifera (giant kelp) germination and 
germ-tube length 


0.75 0.05 


Acute Methods
 


Pimephales promelas (fathead minnow), 
Cyprinodon variegatus (Sheepshead minnow), 
Atherinops affinis (topsmelt), Menidia beryllina 
(inland silverside) acute survival


b 
 


0.80 


 


0.10 


 


Ceriodaphnia dubia, Daphnia magna, Daphnia 
pulex, Americamysis bahia acute survival


b
 


0.80 0.10 


Notes: 


a. (1) declare a sample toxic at least 75 percent of the time (alpha < 0.25) when there is unacceptable toxicity (20 
percent effect for acute and 25 percent effect for chronic test methods) and (2) declare an effluent non-toxic no more 
than 5 percent of the time (beta < 0.05) when the mean effect at the critical effluent concentration is 10 percent for 
both acute and chronic WET tests (including sublethal endpoints). For more discussion on the RMDs, see Section 2.1 
of this document. 


b. Based on four replicate test design 
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Step 1: Conduct WET test 


Replicate/statistic Control Treatment 


1 27 32 


2 38 28 


3 27 25 


4 34 28 


5 37 20 


6 35 15 


7 30 27 


8 31 31 


9 36 31 


10 39 30 


Mean 33.4 26.7 


Std. deviation 4.402 5.417 


N (# of replicates) 10 10 


 


Step 2: Follow Steps 3–7 for each endpoint required in the test method 


 The following example is for chronic Ceriodaphnia dubia reproduction endpoint only. 


Step 3: Transform data using an arcsine square root transformation, if necessary 


 Not necessary because reproduction is not percent data. 


Step 4: Conduct Welch’s t-test 
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Step 5: Adjust the df 
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Step 6: Calculated t value > critical t value? 15 df and test method alpha = 0.20 (Table A-1) 


 Critical t value = 0.87 


 0.82 < 0.87 


Step 7: Declare effluent toxic or not 


 Calculated t < critical t value. Therefore, effluent is declared toxic; test result is FAIL.


Case Example 1:  Chronic Ceriodaphnia Reproduction 
Test with High Within-Test Variability 


 







NPDES Test of Significant Toxicity Implementation Document  June, 2010 


A-8 


 


 


Step 1: Conduct WET test 


Replicate/statistic Control Treatment 


1 29 31 


2 38 28 


3 31 25 


4 34 28 


5 36 22 


6 35 21 


7 30 27 


8 31 26 


9 36 29 


10 34 30 


Mean 33.4 26.7 


Std. deviation 2.989 3.268 


N (# of replicates) 10 10 


Step 2: Follow Steps 3–7 for each endpoint required in the test method 


 The following example is for chronic Ceriodaphnia dubia reproduction endpoint only. 


Step 3: Transform data using an arcsine square root transformation, if necessary 


 Not necessary because reproduction is not percent data. 


Step 4: Conduct Welch’s t-test 
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Step 5: Adjust the df 
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Step 6: Calculated t value > critical t value? 16 df and test method alpha = 0.20 (Table A-1) 


 Critical t value = 0.86 


 1.32 > 0.86 


Step 7: Declare effluent toxic or not 


 Calculated t > critical t value. Therefore, effluent is declared Non-Toxic; test result is 


PASS.


Case Example 2:  Chronic Ceriodaphnia Reproduction 
Test with Low Within-Test Variability 
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Step 1: Conduct WET test 


Replicate/statistic Control Treatment 


1 0.366 0.303 


2 0.399 0.379 


3 0.354 0.311 


4 0.422 0.236 


Mean 0.385 0.307 


Std. deviation 0.031 0.058 


N (# of replicates) 4 4 


Step 2: Follow Steps 3–7 for each endpoint 


required in the test method 


Step 3: Transform data using an arcsine square 


root transformation, if necessary 


Not necessary because growth is not percent data. 


Step 4: Conduct Welch’s t-test 
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Step 5: Adjust the df 
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Step 6: Calculated t value > critical t value? 4 df, 


alpha = 0.25 (Table A-1); Critical t value = 0.74 


0.58 < 0.74 


Step 7: Effluent is declared toxic, test result is 


FAIL. 


Step 1: Conduct WET test 


Replicate/statistic Control Treatment 


1 0.366 0.303 


2 0.399 0.379 


3 0.354 0.311 


4 0.422 0.236 


5 0.343 0.364 


6 0.407 0.247 


Mean 0.382 0.307 


Std. deviation 0.032 0.058 


N (# of replicates) 6 6 


Step 2: Follow Steps 3–7 for each endpoint 


required in the test method 


Step 3: Transform data using an arcsine square 


root transformation, if necessary 


Not necessary because growth is not percent data. 


Step 4: Conduct Welch’s t-test 
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Step 5: Adjust the df 
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Step 6: Calculated t value > critical t value? 7 df, 


alpha = 0.25 (Table A-1); Critical t value = 0.71       


0.79 > 0.71 


Step 7: Effluent is declared Non-Toxic; test result 


is PASS. 


Case Example 3:  Benefit of Increased Replication in Chronic Fish 
Growth Test with Low Mean Effect and High Within-Test Variability 
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Step 1: Conduct WET test 


Replicate/statistic Control Treatment 


1 10 10 


2 10 8 


3 10 9 


4 10 8 


Mean 10 8.75 


Variance 0.000 0.917 


N (# of replicates) 4 4 


Step 2: Follow Steps 3–7 for each endpoint required in the test method 


 The following example is for acute Pimephales promelas survival endpoint only. 


Step 3: Transform data using an arcsine square root transformation 


Replicate/statistic Control Treatment 


1 1.412 1.412 


2 1.412 1.107 


3 1.412 1.249 


4 1.571 1.107 


Mean 1.412 1.218 


Variance 0.000 0.021 


N (# of replicates) 4 4 


Step 4: Conduct Welch’s t-test 
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Step 5: Adjust the df 
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Step 6: Calculated t value > critical t value? 3 df, alpha = 0.10 (Table A-1) 


 Critical t value = 1.64 


 1.229 < 1.64 


Step 7: Declare effluent toxic or not 


Therefore, effluent is declared toxic; test result is FAIL. 


Case Example 4: Fish Acute Toxicity Test Example 
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APPENDIX B 


CRITICAL t VALUES FOR THE TEST OF SIGNIFICANT TOXICITY 
APPROACH 
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Table B-1. Critical values of the t distribution. One tail probability is assumed. 


Degrees of 
freedom 


 Alpha 


0.25 0.20 0.15 0.10 0.05 


1 1 1.3764 1.9626 3.0777 6.3138 


2 0.8165 1.0607 1.3862 1.8856 2.92 


3 0.7649 0.9785 1.2498 1.6377 2.3534 


4 0.7407 0.941 1.1896 1.5332 2.1318 


5 0.7267 0.9195 1.1558 1.4759 2.015 


6 0.7176 0.9057 1.1342 1.4398 1.9432 


7 0.7111 0.896 1.1192 1.4149 1.8946 


8 0.7064 0.8889 1.1081 1.3968 1.8595 


9 0.7027 0.8834 1.0997 1.383 1.8331 


10 0.6998 0.8791 1.0931 1.3722 1.8125 


11 0.6974 0.8755 1.0877 1.3634 1.7959 


12 0.6955 0.8726 1.0832 1.3562 1.7823 


13 0.6938 0.8702 1.0795 1.3502 1.7709 


14 0.6924 0.8681 1.0763 1.345 1.7613 


15 0.6912 0.8662 1.0735 1.3406 1.7531 


16 0.6901 0.8647 1.0711 1.3368 1.7459 


17 0.6892 0.8633 1.069 1.3334 1.7396 


18 0.6884 0.862 1.0672 1.3304 1.7341 


19 0.6876 0.861 1.0655 1.3277 1.7291 


20 0.687 0.86 1.064 1.3253 1.7247 


21 0.6864 0.8591 1.0627 1.3232 1.7207 


22 0.6858 0.8583 1.0614 1.3212 1.7171 


23 0.6853 0.8575 1.0603 1.3195 1.7139 


24 0.6849 0.8569 1.0593 1.3178 1.7109 


25 0.6844 0.8562 1.0584 1.3163 1.7081 


26 0.684 0.8557 1.0575 1.315 1.7056 


27 0.6837 0.8551 1.0567 1.3137 1.7033 


28 0.6834 0.8546 1.056 1.3125 1.7011 


29 0.683 0.8542 1.0553 1.3114 1.6991 


30 0.6828 0.8538 1.0547 1.3104 1.6973 


inf 0.6745 0.8416 1.0364 1.2816 1.6449 
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APPENDIX C 


APPLICATION OF THE TEST OF SIGNIFICANT TOXICITY APPROACH 
TO AMBIENT TOXICITY PROGRAMS 
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APPENDIX C: APPLICATION OF THE TST APPROACH TO AMBIENT 
TOXICITY PROGRAMS 


In ambient and stormwater toxicity testing, a laboratory control and a single concentration (i.e., 


100 percent ambient water or stormwater) are often tested. In these two-concentration WET 


tests, the objective is to determine if a given sample or site water is toxic, as indicated by a 


significantly different organism response compared to the control. In the WET testing design, the 


determination of Pass or Fail (i.e., non-toxic or toxic) is ascertained using a traditional t-test 


(USEPA 2002c). EPA test methods recommend (USEPA 1995, 2002a, 2002b, 2002c) that the 


statistical significance (i.e., Pass/Fail) of a two-sample test design for ambient and stormwater 


toxicity testing be determined only using either a modified t-test (if homogeneity of variance is 


not achieved) or a traditional t-test (if homogeneity of variance is achieved). 


To demonstrate the value of the TST approach in ambient toxicity programs, ambient toxicity 


test data from California’s Surface Water Ambient Monitoring Program (SWAMP) was used for 


409 chronic tests for Ceriodaphnia dubia and 256 chronic tests for Pimephales promelas using 


EPA’s 2002 WET test methods (USEPA 2002a). Valid WET data for each EPA WET test 


method were subjected to the same statistical analyses as described in Section 2 of this 


document. 


Chronic Ceriodaphnia dubia Ambient Toxicity Tests 


Table C-1 summarizes results of the 409 Ceriodaphnia dubia ambient toxicity tests analyzed and 


an  = 0.20 for this test method. Although the majority of the tests examined resulted in the same 


decision using either the TST or the traditional t-test approach, approximately 6 percent of the 


tests (24 tests) would have been declared non-toxic using the traditional t-test approach with 


mean effect levels > 25 percent. In addition, 2 percent of the tests (7 tests) would have been 


declared toxic using the traditional t-test approach at mean effect levels < 15 percent and as low 


as 7 percent. 


Table C-1. Comparison of results of chronic Ceriodaphnia ambient toxicity tests using the TST approach 


and the traditional t-test analysis.  = 0.20 and b value = 0.75 for the TST approach.  = 0.05 for the 
traditional hypothesis testing approach 


Both approaches 
declare toxic 


Only TST declares 
toxic 


Only traditional 
approach declares 


toxic 
Both approaches 
declare non-toxic 


19.8% 5.9% 1.7% 72.6% 


 


Figure C-1 shows ranges of CV values observed in Ceriodaphnia dubia ambient toxicity tests for 


those samples declared toxic using either the TST approach or the traditional t-test, but not both 


approaches. As expected, within-test variability was relatively high (higher CVs) for those tests 


found non-toxic using a t-test but toxic using the TST approach. The results demonstrate the lack 


of control of false negative rates using the traditional hypothesis testing approach when control 


variability is relatively high. Under those conditions, the traditional t-test did not have the power 


to detect toxicity when it was present. Figure C-1 also demonstrates that the TST approach 


recognizes a negligible effect as non-toxic when within-test variability is relatively low and the 
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mean percent effect is well below the risk management level of 25 percent. Under such 


conditions, the traditional t-test declared some samples toxic using this WET test method, even 


when the mean effect was as little as 7 percent. The TST approach, however, declared all such 


samples non-toxic using the recommended  = 0.20. Thus, the TST approach reduces the 


number of tests declared as toxic when effects are actually well below the risk management 


decision. 


Chronic Ceriodaphnia ambient WET tests that are identified as non-toxic (Pass) using the 


traditional hypothesis approach (NOEC) generally have high within-test variability (high 


control CVs) as compared to using the TST approach. 
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Figure C-1. Range of CV values observed in chronic C. dubia ambient toxicity tests for samples that were 
found to be non-toxic using the standard t-test but toxic using the TST approach (NOEC Pass) and for 
those samples declared toxic using t-test but not the TST approach (TST Pass). California’s SWAMP 
WET test data. 


Similar to the Ceriodaphnia ambient test data, within-test variability was higher in those chronic 


fathead minnow ambient tests found non-toxic using a t-test but toxic using the TST approach 


(Figure C-2). Similarly, those tests declared non-toxic by the TST approach but toxic using t-test 


had lower within-test variability and mean effect levels < 25 percent (Figure C-2). Thus, similar 


to the chronic Ceriodaphnia ambient tests, data from chronic fathead minnow ambient tests 


demonstrate that the TST approach can provide as much protection as the traditional t-test 


approach while also identifying those samples that are truly acceptable from a regulatory 


management decision. 
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Fish ambient WET tests that are identified as non-toxic using the traditional hypothesis 


approach (NOEC) generally have high within-test variability (high control CVs) as 


compared to using the TST approach. 
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Figure C-2. Range of CV values observed in chronic P. promelas ambient toxicity tests for samples that 
were declared to be non-toxic using the standard t-test but toxic using the TST approach (NOEC Pass) 
and for those samples declared toxic using t-test but not the TST approach (TST Pass). California’s 
SWAMP WET test data. 
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APPENDIX D 


EXAMPLE NATIONAL POLLUTANT DISCHARGE ELIMINATION 
SYSTEM PERMIT LANGUAGE USING THE TEST OF SIGNIFICANT 


TOXICITY APPROACH 
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APPENDIX D: EXAMPLE NPDES PERMIT LANGUAGE USING THE TST 
APPROACH 


ACUTE WHOLE EFFLUENT TOXICITY (WET) NPDES PERMIT LANGUAGE 


xx. Acute Whole Effluent Toxicity (WET) Requirements 


1. Monitoring Frequency 


The permittee must conduct monthly/quarterly/semiannual acute toxicity tests on 24-


hour composite effluent samples. Once each calendar year, at a different time of year 


from the previous years, the permittee must split a 24-hour composite effluent sample and 


concurrently conduct two toxicity tests using a fish and an invertebrate species; the 


permittee must then continue to conduct routine monthly/quarterly/semiannual toxicity 


testing using the single, most sensitive species. 


Acute toxicity test samples must be collected for each point of discharge at the designated 


NPDES sampling station for the effluent (i.e., downstream from the last treatment 


process and any in-plant return flows where a representative effluent sample can be 


obtained). During years 1, 2, 3, 4, and 5 of the permit, a split of each sample must be 


analyzed for all other monitored parameters at the minimum frequency of analysis 


specified by the effluent monitoring program. 


2. Freshwater Species and WET Test Methods 


Species and short-term WET test methods for estimating the acute toxicity of NPDES 


effluents are in the fifth edition of Methods for Measuring the Acute Toxicity of Effluents 


and Receiving Waters to Freshwater and Marine Organisms (EPA/821/R-02/012, 2002; 


Table IA, 40 CFR Part 136). The permittee must conduct 96-hour static renewal toxicity 


tests with the following vertebrate and invertebrate species, respectively: 


 Vertebrate: The fathead minnow, Pimephales promelas (Acute Toxicity Test Method 


2000.0) 


 Invertebrate: The daphnid, Ceriodaphnia dubia (Acute Toxicity Test Method 2002.0) 


3. Acute WET Permit Triggers 


a. There are no acute toxicity effluent limits for this discharge. For this permit, the 


determination of Pass or Fail from a multiple-effluent concentration acute toxicity test 


at the IWC is determined using the Test of Significant Toxicity (TST) approach that 


is described in the National Pollutant Discharge Elimination System Test of 


Significant Toxicity Implementation Document (EPA/833/R-10-003). The acute WET 


permit trigger is any one WET test where a test result is Fail (during the monthly 


reporting period) at the acute in-stream waste concentration (IWC). For this 


discharge, the IWC is XXX percent (e.g., either is 100 percent or an effluent at the 


mixing zone to be determined at the time of permit issuance) effluent. To calculate 
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either a Pass or Fail of a multiple-effluent concentration acute toxicity test at the 


IWC, follow the instructions in Appendix A in the National Pollutant Discharge 


Elimination System Test of Significant Toxicity Implementation Document. A Pass 


result indicates no toxicity of the multiple-effluent concentration test at the IWC, and 


a Fail result indicates toxicity of the multiple-effluent concentration test at the IWC. 


The permittee must report either a Pass or a Fail on the Discharge Monitoring Report 


(DMR) form. If a result is reported as Fail, the permittee must follow Section 6 


(Accelerated Toxicity Testing and TRE/TIE Process) of this permit. 


 - OR -  


3. Acute WET Permit Limit 


b. There is an acute toxicity effluent limit for this discharge. For this permit, the 


determination of Pass or Fail from a multiple-effluent concentration acute toxicity test 


at the IWC is determined using the Test of Significant Toxicity (TST) approach 


which is described in the National Pollutant Discharge Elimination System Test of 


Significant Toxicity Implementation Document (EPA/833-R-10-003). The acute WET 


permit trigger is any one WET test where a test result is Fail (during the monthly 


reporting period) at the chronic in-stream waste concentration (IWC). For this 


discharge, the IWC is XXX percent (e.g., either is 100 percent or an effluent at the 


mixing zone to be determined at time of permit issuance) effluent. To calculate either 


a Pass or Fail of the multiple-effluent concentration acute toxicity test at the IWC, 


follow the instructions in Appendix A in the National Pollutant Discharge 


Elimination System Test of Significant Toxicity Implementation Document. A Pass 


result indicates no toxicity of the multiple-effluent concentration at the IWC and a 


Fail result indicates toxicity of the multiple-effluent concentration test at the IWC. 


The permittee must report either a Pass or a Fail on the DMR form. If a result is 


reported as Fail, the permittee must follow Section 6 (Accelerated Toxicity Testing 


and TRE/TIE Process) of this permit. 


4. Quality Assurance – EPA WET Test Methods 


a. Quality assurance measures, instructions, and other recommendations and 


requirements are in the EPA 2002 WET test methods manual previously referenced. 


b. This permit is subject to a determination of Pass or Fail from a multiple-effluent 


concentration acute toxicity test at the IWC (for statistical flowchart and procedures, 


see Appendix A, Figure A-1 of the National Pollutant Discharge Elimination System 


Test of Significant Toxicity Implementation Document). The acute in-stream waste 


concentration (IWC) for this discharge is XXX percent effluent. 


c. Effluent dilution water and control water should be prepared and used as specified in 


the EPA WET test methods manual Methods for Measuring the Acute Toxicity of 


Effluents and Receiving Waters to Freshwater and Marine Organisms (EPA/821/R-


02/012, 2002). 
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d. If organisms are not cultured in-house, concurrent testing with a reference toxicant 


must be conducted. If organisms are cultured in-house, monthly reference toxicant 


testing is sufficient. Reference toxicant tests and effluent toxicity tests must be 


conducted using the same test conditions (e.g., same test duration). 


e. If either the reference toxicant or effluent toxicity tests do not meet all test 


acceptability criteria in the EPA WET test methods manual, the permittee must 


resample and retest within 14 days. 


f. If the discharged effluent is chlorinated, chlorine must not be removed from the 


effluent sample before toxicity testing without written approval by the permitting 


authority. 


5. Initial Investigation TRE Work Plan 


Within 90 days of the permit effective date, the permittee must prepare and submit to the 


permitting authority a copy of its Initial Investigation Toxicity Reduction Evaluation 


(TRE) Work Plan (1–2 pages) for review. That plan must include steps the permittee 


intends to follow if toxicity is measured above an acute WET permit limit or trigger and 


should include the following, at minimum: 


a. A description of the investigation and evaluation techniques that would be used to 


identify potential causes and sources of toxicity, effluent variability, and treatment 


system efficiency. 


b. A description of methods for maximizing in-house treatment system efficiency, good 


housekeeping practices, and a list of all chemicals used in operations at the facility. 


c. If a Toxicity Identification Evaluation (TIE) is necessary, an indication of who would 


conduct the TIEs (i.e., an in-house expert or outside contractor). 


6. Accelerated Toxicity Testing and TRE/TIE Process 


a. If an acute WET permit limit or trigger is exceeded and the source of toxicity is 


known (e.g., a temporary plant upset), the permittee must conduct one additional 


toxicity test using the same species and EPA WET test method. This WET test must 


begin within 14 days of receipt of WET test results exceeding an acute WET permit 


limit or trigger. If the additional toxicity test does not exceed an acute WET permit 


limit or trigger, the permittee may return to the regular testing frequency. 


b. If an acute WET permit limit or trigger is exceeded and the source of toxicity is not 


known, the permittee must conduct six additional toxicity tests using the same species 


and EPA WET test method, approximately every two weeks, over a 12-week period. 


This testing must begin within 14 days of receipt of WET test results exceeding an 


acute WET permit limit or trigger. If none of the additional toxicity tests exceed an 


acute WET permit limit or trigger, the permittee may return to the regular testing 


frequency. 
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c. If one of the additional toxicity tests (in paragraphs 6.a or 6.b) exceeds an acute WET 


permit limit or trigger, within 14 days of receipt of this WET test result, the permittee 


must initiate a TRE using, according to the type of treatment facility, EPA WET TRE 


manual, Toxicity Reduction Evaluation Guidance for Municipal Wastewater 


Treatment Plants (EPA/833/B-99/002, 1999) or EPA WET TRE manual, Generalized 


Methodology for Conducting Industrial Toxicity Reduction Evaluations (EPA/600/2-


88/070, 1989). In conjunction, the permittee must develop and implement a Detailed 


TRE Work Plan that must consist of the following: further actions undertaken by the 


permittee to investigate, identify, and correct the causes of toxicity; actions the 


permittee will take to mitigate the effects of the discharge and prevent the recurrence 


of toxicity; and a schedule for such actions. 


d. The permittee may initiate a TIE as part of a TRE to identify the causes of toxicity 


using the same species and EPA WET test method and, as guidance, EPA WET 


TIE/TRE method manuals: Methods for Aquatic Toxicity Identification Evaluations: 


Phase I Toxicity Characterization Procedures (EPA/600/6-91/003, 1991); Methods 


for Aquatic Toxicity Identification Evaluations, Phase II Toxicity Identification 


Procedures for Samples Exhibiting Acute and Chronic Toxicity (EPA/600/R-92/080, 


1993); Methods for Aquatic Toxicity Identification Evaluations, Phase III Toxicity 


Confirmation Procedures for Samples Exhibiting Acute and Chronic Toxicity 


(EPA/600/R-92/081, 1993). 


7. Reporting of Acute Toxicity Monitoring Results 


a. The permittee must submit a full laboratory report for all toxicity testing as an 


attachment to the Discharge Monitoring Report (DMR) for the month in which the 


toxicity test was conducted; the laboratory report must contain the following: the 


toxicity test results, the dates of sample collection and initiation of each toxicity test; 


all results for effluent parameters monitored concurrently with the toxicity test(s); and 


progress reports on TRE/TIE investigations. 


b. The permittee must provide the actual test endpoint responses for the control (i.e., 


control mean) and IWC concentration (i.e., IWC mean) for each WET test conducted 


to make it easier for permit writers to find the necessary WET test results when 


determining WET RP. 


c. The permittee must notify the permitting authority in writing within 14 days of 


exceedance of an acute WET permit limit or trigger. Such notification must describe 


actions the permittee has taken or will take to investigate, identify, and correct the 


causes of toxicity; the status of actions required by this permit; and schedule for 


actions not yet completed; or reason(s) that no action has been taken. 


8. Permit Reopener for Acute Toxicity 


In accordance with 40 CFR Parts 122 and 124, this permit may be modified to include 


effluent limitations or permit conditions to address acute toxicity in the effluent or 


receiving waterbody, as a result of the discharge; or to implement new, revised, or newly 


interpreted water quality standards applicable to acute toxicity. 
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CHRONIC WET NPDES PERMIT LANGUAGE 


xx. Chronic Whole Effluent Toxicity (WET) Requirements 


1. Monitoring Frequency 


The permittee must conduct monthly/quarterly/semiannual chronic toxicity tests on 24-


hour composite effluent samples. Once each calendar year, at a different time of year 


from the previous years, the permittee must split a 24-hour composite effluent sample and 


concurrently conduct three toxicity tests using a fish, an invertebrate, and an alga species; 


the permittee must continue to conduct routine monthly/quarterly/semiannual toxicity 


testing using the single, most sensitive species. 


Chronic toxicity test samples must be collected for each point of discharge at the 


designated NPDES sampling station for the effluent (i.e., downstream from the last 


treatment process and any in-plant return flows where a representative effluent sample 


can be obtained). During years 1, 2, 3, 4, and 5 of the permit, a split of each sample must 


be analyzed for all other monitored parameters at the minimum frequency of analysis 


specified by the effluent monitoring program. 


2. Freshwater Species and EPA WET Test Methods 


Species and short-term EPA WET test methods for estimating the chronic toxicity of 


NPDES effluents are in the fourth edition of Short-term Methods for Estimating the 


Chronic Toxicity of Effluents and Receiving Waters to Freshwater Organisms 


(EPA/821/R-02/013, 2002; Table IA, 40 CFR Part 136). The permittee must conduct 


static renewal toxicity tests with the following: 


 Fathead minnow, Pimephales promelas (Larval Survival and Growth Test Method 


1000.0) 


 Daphnid, Ceriodaphnia dubia (Survival and Reproduction Test Method 1002.0);  


 Green alga, Selenastrum capricornutum (also named Raphidocelis subcapitata) 


(Growth Test Method 1003.0). 


3. Chronic WET Permit Triggers 


a. There are no chronic toxicity effluent limits for this discharge. The chronic WET 


permit trigger is any one WET test (either biological endpoint of survival or 


sublethal) where a test result is Fail (during the monthly reporting period) at the 


chronic in-stream waste concentration (IWC). For this discharge, the IWC is XXX 


percent (e.g., either is 100 percent or an effluent at the mixing zone to be determined 


at time of permit issuance) effluent. To calculate either a Pass or Fail of the multiple-


effluent concentration chronic toxicity test at the IWC, follow the instructions in 


Appendix A in the National Pollutant Discharge Elimination System Test of 


Significant Toxicity Implementation Document (EPA/833-R-10-003). A Pass result 


indicates no toxicity at the IWC, and a Fail result indicates toxicity at the IWC. The 
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permittee must report either a Pass or a Fail on the DMR form. If a result is reported 


as Fail, the permittee must follow Section 7 (Reporting of Chronic Toxicity 


Monitoring Results) of this permit. 


 - OR -  


3. Chronic WET Permit Limits 


b. There is a chronic toxicity effluent limit for this discharge. The chronic WET permit 


trigger is any one WET test (either biological endpoint of survival or sublethal) where 


a test result is Fail (during the monthly reporting period) at the chronic in-stream 


waste concentration (IWC). For this discharge, the IWC is XXX percent (e.g., either 


is 100 percent or an effluent at the mixing zone to be determined at time of permit 


issuance) effluent. To calculate either a Pass or Fail of the multiple-effluent 


concentration chronic toxicity test at the IWC, follow the instructions in Appendix A 


in the National Pollutant Discharge Elimination System Test of Significant Toxicity 


Implementation Document (EPA/833-R-10-003). A Pass result indicates no toxicity at 


the IWC, and a Fail result indicates toxicity at the IWC. The permittee must report 


either a Pass or a Fail on the DMR form. If a result is reported as Fail, the permittee 


must follow Section 7 (Reporting of Chronic Toxicity Monitoring Results) of this 


permit. 


4. Quality Assurance – EPA WET Test Methods 


a. Quality assurance measures, instructions, and other recommendations and 


requirements are in the EPA WET test methods manual previously referenced in this 


permit. 


b. This permit is subject to a determination of Pass or Fail from a multiple-effluent 


concentration chronic toxicity test at the IWC (for statistical flowchart and 


procedures, see National Pollutant Discharge Elimination System Test of Significant 


Toxicity Implementation Document, Appendix A, Figure A-1). The chronic in-stream 


waste concentration (IWC) for this discharge is XXX percent (e.g., either is 100 


percent or an effluent at the mixing zone to be determined) effluent. 


c. Effluent dilution water and control water should be standard synthetic dilution water 


as described in the EPA WET test methods manual, Short-term Methods for 


Estimating the Chronic Toxicity of Effluents and Receiving Waters to Freshwater 


Organisms (EPA/821/R-02/013, 2002). If the dilution water is different from test 


organism culture water, a second control using culture water must also be used. 


d. If organisms are not cultured in-house, concurrent testing with a reference toxicant 


must be conducted. If organisms are cultured in-house, monthly reference toxicant 


testing is sufficient. Reference toxicant tests and effluent toxicity tests must be 


conducted using the same test conditions (e.g., same test duration). 
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e. If either the reference toxicant or effluent toxicity tests do not meet all test 


acceptability criteria in the EPA WET test methods manual, the permittee must 


resample and retest within 14 days. 


f. Following Paragraph 10.2.6.2 of the freshwater EPA WET test methods manual, all 


chronic toxicity test results from the multi-concentration tests required by this permit 


must be reviewed and reported according to EPA guidance on the evaluation of 


concentration-response relationships in Method Guidance and Recommendations for 


Whole Effluent Toxicity (WET) Testing (40 CFR Part 136) (EPA/821/B-00-004, 


2000). 


g. If the discharged effluent is chlorinated, chlorine must not be removed from the 


effluent sample before toxicity testing without written approval by the permitting 


authority. 


5. Initial Investigation TRE Work Plan 


Within 90 days of the permit effective date, the permittee must prepare and submit to the 


permitting authority a copy of its Initial Investigation Toxicity Reduction Evaluation 


(TRE) Work Plan (1–2 pages) for review. That plan must contain steps the permittee 


intends to follow if toxicity is measured above a chronic WET permit limit or trigger and 


should include the following, at minimum: 


a. A description of the investigation and evaluation techniques that would be used to 


identify potential causes and sources of toxicity, effluent variability, and treatment 


system efficiency. 


b. A description of methods for maximizing in-house treatment system efficiency, good 


housekeeping practices, and a list of all chemicals used in operations at the facility. 


c. If a Toxicity Identification Evaluation (TIE) is necessary, an indication of who would 


conduct the TIEs (i.e., an in-house expert or outside contractor). 


6. Accelerated Toxicity Testing and TRE/TIE Process 


a. If a chronic WET permit limit or trigger is exceeded and the source of toxicity is 


known (e.g., a temporary plant upset), the permittee must conduct one additional 


toxicity test using the same species and EPA WET test method. This WET test must 


begin within 14 days of receipt of WET test results exceeding a chronic WET permit 


limit or trigger. If the additional toxicity test does not exceed a chronic WET permit 


limit or trigger, the permittee may return to their regular testing frequency. 


b. If a chronic WET permit limit or trigger is exceeded and the source of toxicity is not 


known, the permittee must conduct six additional toxicity tests using the same species 


and EPA WET test method, approximately every two weeks, over a 12 week period. 


This testing must begin within 14 days of receipt of WET test results exceeding a 


chronic WET permit limit or trigger. If none of the additional toxicity tests exceed a 


chronic WET permit limit or trigger, the permittee may return to their regular testing 


frequency. 
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c. If one of the additional toxicity tests (in paragraphs 6.a or 6.b) exceeds a chronic 


WET permit limit or trigger, within 14 days of receipt of this WET test result, the 


permittee must initiate a TRE using as guidance, according to the type of treatment 


facility, the EPA TRE manual, Toxicity Reduction Evaluation Guidance for 


Municipal Wastewater Treatment Plants (EPA/ 833/B-99/002, 1999) or EPA TRE 


manual, Generalized Methodology for Conducting Industrial Toxicity Reduction 


Evaluations (EPA/600/2-88/070, 1989). In conjunction, the permittee must develop 


and implement a Detailed TRE Work Plan that must contain the following: further 


actions undertaken by the permittee to investigate, identify, and correct the causes of 


toxicity; actions the permittee will take to mitigate the effects of the discharge and 


prevent the recurrence of toxicity; and a schedule for such actions. 


d. The permittee may initiate a TIE as part of a TRE to identify the causes of toxicity 


using the same species and EPA WET test method and, as guidance, EPA WET 


TIE/TRE method manuals: Toxicity Identification Evaluation: Characterization of 


Chronically Toxic Effluents, Phase I (EPA/600/6-91/005F, 1992); Methods for 


Aquatic Toxicity Identification Evaluations, Phase II Toxicity Identification 


Procedures for Samples Exhibiting Acute and Chronic Toxicity (EPA/600/R-92/080, 


1993); Methods for Aquatic Toxicity Identification Evaluations, Phase III Toxicity 


Confirmation Procedures for Samples Exhibiting Acute and Chronic Toxicity 


(EPA/600/R-92/081, 1993). 


7. Reporting of Chronic Toxicity Monitoring Results 


a. The permittee must submit a full laboratory report as an attachment to the DMR for 


all toxicity testing for the month in which the toxicity test was conducted; the 


laboratory report must contain the following: the toxicity test results, the dates of 


sample collection and initiation of each toxicity test; all results for effluent parameters 


monitored concurrently with the toxicity test(s); and progress reports on TIE/TRE 


investigations. 


b. The permittee must provide the actual test endpoint responses for the control (i.e., 


control mean) and IWC concentration (i.e., IWC mean) for each WET test conducted 


to make it easier for permit writers to find the necessary WET test results when 


determining WET RP. 


c. The permittee must notify the permitting authority in writing within 14 days of 


exceedance of a chronic WET permit limit or trigger. The notification must describe 


actions the permittee has taken or will take to investigate, identify, and correct the 


causes of toxicity; the status of actions required by this permit; and schedule for 


actions not yet completed; or reason(s) that no action has been taken. 


8. Permit Reopener for Chronic Toxicity 


In accordance with 40 CFR Parts 122 and 124, this permit may be modified to include 


effluent limitations or permit conditions to address chronic toxicity in the effluent or 


receiving waterbody, as a result of the discharge; or to implement new, revised, or newly 


interpreted water quality standards applicable to chronic toxicity. 
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APPENDIX E 


WHOLE EFFLUENT TOXICITY REASONABLE POTENTIAL ANALYSIS 
USING THE TEST OF SIGNIFICANT TOXICITY APPROACH 







NPDES Test of Significant Toxicity Implementation Document  June, 2010 


E-2 







NPDES Test of Significant Toxicity Implementation Document  June, 2010 


E-3 


APPENDIX E: WET RP ANALYSIS USING THE TST APPROACH 


For reasonable potential (RP) calculations using the TST approach, EPA recommends that 


permitting authorities use all the valid WET test data generated during the current permit term 


and any additional valid data that are submitted as part of the permit renewal application. The 


permitting authority should be using at least a minimum of four valid WET tests to address 


effluent representativeness using the TST RP approach. WET test data are then analyzed 


according to the TST approach using the IWC and control test concentrations for all valid WET 


test data available. For the RP approach, data sets with fewer than four valid WET data points 


should be assessed using EPA’s Technical Support Document (TSD) RP approach because it 


addresses small WET data sets by incorporating an RP multiplying factor (see Section 3.2.2 of 


the TSD, p. 54) to account for effluent variability in small WET data sets. 


EPA also recommends that states request that their permittees provide the actual test endpoint 


responses for the control (i.e., mean of control) and IWC concentration (i.e., mean of IWC) for 


each WET test conducted to make it easier for permit writers to find the necessary data with 


which to calculate WET RP with this approach. EPA recommends that permitting authorities 


decide up front which approach (the 1991 TSD approach, the TST approach, or another 


scientifically defensible approach that is sufficient to meet the statutory and regulatory 


requirements) they will incorporate and consistently use in their state’s NPDES implementation 


procedures, including for their RP procedures. Permitting authorities should consistently use the 


selected WET statistical approach in all the state NPDES permits. 


All valid WET test data are then analyzed according to the TST approach using the IWC and 


control test concentrations. If WET test data are available and the TST statistical approach 


indicates that the IWC is toxic in any WET test (“effluent cause(s) toxicity”), RP has been 


demonstrated (40 CFR 122.44(d)(1)(i)). For example, if results of five WET tests are available 


using the TST approach and the results are Pass, Pass, Fail, Pass, Pass, because at least one test 


was a Fail (i.e., TST declared the effluent toxic in at least one test), RP has been demonstrated. 


To address concerns regarding the “potential to cause or contribute to toxicity,” a second 


assessment is applied to determine whether the effluent has RP even if all test results are Pass 


using the TST approach. 


The current TST approach results in four outcomes with respect to RP at the IWC: 


1. Caused (effluent is toxic): RP is demonstrated if any one test using the TST approach 


indicates a test result is Fail (i.e., using the statistical test (Appendix A) and t table 


(Appendix B), the test result is Fail; see Example A below in Table E-1); 


2. Potential to Cause: Effluent has reasonable potential to cause (RP is demonstrated) if any 


test exhibits a mean effect at the IWC > 10 percent as compared to the mean control 


response, even if the test result is Pass using TST (see examples B-D, Table E-1); and 


3. No RP (effluent is non-toxic at the IWC): Effluent does not cause or have reasonable 


potential to cause if the tests are each a Pass using the TST approach and the mean effect at 


the IWC is always < 10 percent. 
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4. Insufficient valid WET data (fewer than 4 tests or no data): If fewer than four valid 


WET data are available, follow the TSD RP procedure for WET. 


The second outcome is where the determination of RP is critical to demonstrate that the 


discharge has the reasonable potential to cause an excursion above the state toxicity water 


quality standards. In the TST approach, the regulatory management decision threshold for non-


toxicity in WET tests under the NPDES WET Program is 10 percent mean effect at the IWC. At 


or below that mean effect level, the TST approach is designed to declare a WET test as non-toxic 


(i.e., Pass) most (at least 95 percent) of the time to help control for false positives. For purposes 


of RP assessment then, a 10 percent mean effect level at the IWC is used as a threshold, above 


which potential to cause is indicated, and the effluent has demonstrated RP. Any test with a mean 


effect at the IWC > 10 percent would demonstrate a potential for RP even if the TST test result is 


Pass. Equation E-1 below demonstrates how the effluent effect is calculated at the IWC. 


100
ResponseControlMean


IWCatResponseMeanResponseControlMean
IWCatEffect%          Equation E-1 


Table E-1. Examples illustrating the reasonable potential approach using TST and data from 
Ceriodaphnia chronic survival and reproduction WET tests 


Example 
Pass/Fail based 
on TST analysis 


Mean 
control 


response 


Mean 
response @ 


IWC 
% effect at 


IWC 
Reasonable 
potential? 


A Fail 26.3 17.0 35.4% Yes 


B Pass 26.3 23.4 11.0% Yes 


C Pass 28.6 22.0 23.1% Yes 


D Pass 22.4 20.9 6.7% No 


 








 
 


August 21, 2012 


 
Charles R. Hoppin, Chairman and Members 
State Water Resources Control Board 
1001 I Street 
Sacramento, CA 95814 
 
c/o Jeanine Townsend, Clerk to the Board 
commentletters@waterboards.ca.gov 
 


SUBJECT: Comment Letter:  Draft Policy for Toxicity Assessment and Control 
 


Dear Chairman Hoppin and Members: 
 


At a workshop held in November of 2010, the State Board agreed to sponsor a "test drive" of 
EPA's new TST methodology.  Several speakers that morning emphasized the importance of 
ensuring that the study design include a review of TST performance on method blanks as this is 
the only way to accurately gauge the true error rate for non-toxic samples.  Unfortunately, for 
reasons that have never been clearly defined, the final "test drive" failed to evaluate any 
method blanks whatsoever.  So, we did it for them and the results are presented in this 
comment letter. 
 
Like EPA, we relied on Monte Carlo simulation techniques to determine the performance traits 
of the TST methodology.  We began by constructing a synthetic populations of 20,000 
Ceriodaphnia dubia with an average reproduction of 26 offspring per female and a defined 
standard deviation of 7.8 (interreplicate coefficient-of-variation = 30%).  This corresponds to 
the average interreplicate CV reported for control organisms during EPA Interlaboratory WET 
Variability Study. 
 
A random sample of 10 organisms was collected from the synthetic population and assigned to 
Group 1 (the simulated control group).  If the mean reproduction for Group 1 was less than 15 
offspring per female, the sample was discarded and another sample was collected from the 
synthetic population.  This was done to ensure the sample met EPA's minimum Test Acceptance 
Criteria.  Then, another random sample of 10 organisms was collected from the same synthetic 
population and assigned to Group 2 (the simulated effluent group). The resampling process was 
repeated one thousand times to simulate the results of 1,000 chronic WET tests conducted on 
known non-toxic samples. 
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Although Group 1 is called the "Control Group" and Group 2 is called the "Effluent Group," 
there is actually no difference between the two groups.  Both came from the same general 
synthetic population and both are intended to represent the normal range of reproduction for 
Ceriodaphnia dubia exposed to non-toxic water. 
 
The average reproduction in Group 2 ("effluent") was compared to the average reproduction in 
Group 1 ("controls") using the existing promulgated methods (NOEC and IC25) and EPA's newly 
proposed TST procedure.  Results are summarized in Appendix A to this comment letter. 
 
In this simulation of 1,000 non-toxic trials, the NOEC passed 961 of 1000 tests.  The IC25 passed 
982 of 1000 tests.  And, the TST passed 897 of 1000 tests.  Thus, the NOEC falsely indicated the 
presence of toxicity in a non-toxic sample 3.9% of the time.  This is very close to the 3.7% 
estimate reported by EPA during the Interlaboratory WET Variability Study.  The IC-25 provided 
a false indication of toxicity 1.8% of the time.  And, the TST incorrectly reported non-toxic 
samples were toxic in 10.3% of the trials (three times higher than the NOEC and more than five 
times higher than the IC25).  It is also important to note that in 84% of the 113 TST failures the 
average level of reproduction in Group 2 ("effluent") was actually higher than the Regulatory 
Management Decision (RMD) threshold (0.75 * mean of Group 1 controls).  The tests "failed" 
because the null hypothesis, which presumes worse reproductive performance than actually 
occurred, could not be rejected. 
 
The error rate varies with the inter-replicate coefficient of variation.  So, we repeated the same 
simulation of 1,000 trials three more times with the same mean (26) but three different 
standard deviations (5.2, 6.5 and 9.1).  These three additional simulations represent conditions 
where the coefficient of variation ranges between 20%, 25% and 35% respectively.  Results are 
provided in Appendices B, C and D attached to this comment letter and are summarized in the 
table below. 
 


Table 1:  % of Trials Where Method Incorrectly Indicated Toxicity in a Non-Toxic Sample 
 


Method CV = 20% CV = 25% CV = 30% CV = 35% 


NOEC 4.3% 3.8% 3.9% 4.5% 


IC25 0.0% 0.2% 1.8% 4.4% 


TST 0.9% 4.7% 10.3% 16.8% 


 
Re-running the simulations with the exact same statistical parameters produced nearly identical 
results (±0.5%) as is expected for a Monte Carlo study of 1,000 trials. 
 
It is evident from these simulations that the error rate for the TST only comparable to or better 
than the NOEC when the inter-replicate CV is less than 25%.  The TST is less accurate at 
correctly identifying non-toxic samples when the CV increases above 25%.  And, the TST is 
substantially less accurate than the IC25 and should not be considered "comparable" to this 
method promulgated under 40 CFR Part 136 when evaluating data from non-toxic samples. 







 
 
 
Results from this Monte Carlo simulation clearly indicate why it was essential to include a 
dedicated analysis of non-toxic method blanks in the study design for the so-called "test drive."  
The omission of such an analysis severely compromises the study's conclusions and calls into 
question the validity of the subsequent peer review process. 
 
Results from this Monte Carlo simulation can be used in lieu of re-doing the test drive study.  
Or, the State Board can ask its own experts to prepare an independent Monte Carlo analysis.  
But, in either case, the State Board should not act to approve to require use of the TST in 
California until there is a robust demonstration of how accurate the method is when evaluating 
data from non-toxic method blanks. 
 
Copies of the spreadsheet used to perform the Monte Carlo simulation study are attached to 
this comment letter and delivered electronically to the Clerk of the Board via email 
transmission.  I am available to answer any questions at your convenience. 
 
 
Respectfully submitted, 


 
Timothy F. Moore 
Risk Sciences 
125 New Dawn Rd. 
Rockvale,  TN  37153 
 
615-274-2745 
tmoore@risk-sciences.com 
 
 
Encl.:  four appendices and one electronic spreadsheet 
 
 
  







 
 
 
 
 
 
 
 


 
Appendix A 


 
 


Monte Carlo Simulation of Synthetic Non-Toxic Method Blank Data 
(where inter-replicate coefficient of variation = 30%) 


 
  







Pass Fail Total


Pass 883 4 887
Fail 78 35 113


Total 961 39 1000


Pass Fail Total


Pass 887 0 887
Fail 95 18 113


Total 982 18 1000


Pass Fail Total


Pass 883 0 883
Fail 77 17 94


Total 960 17 977


Pass Fail Total
Pass 960 1 961
Fail 22 17 39


Total 982 18 1000


Method Pass # Pass % Fail # Fail % Total


NOEC 961 96.10% 39 3.90% 1000


EC/IC25 982 98.20% 18 1.80% 1000


TST 897 89.70% 103 10.30% 1000


NOEC vs.
IC-25


Monte Carlo Simulation for Ceriodaphnia dubia Reproduction:


Comparing Performance of WET Test Methods Using Non-Toxic Control Data


True Standard Deviation of Simulated General Population 7.8


Number of Replicates in Random Group 1 (simulated control)* 10 female C. dubia


TST vs.
Both NOEC & IC-25


TST vs.
IC-25


Number of Replicates in Random Group 2 (simulated effluent) 10 female C. dubia
Number of Monte Carlo Resamples 1,000 simulated tests


*The ten members of group 1 and the ten members of Group 2 were all selected from the same simiulated General 


population, however individual tests were discardedand repeated if group 1 (the simulated control group) failed to 


meet EPA's minimum Test Acceptance Criteria of at least 15 offspring per female.


True Mean Reproduction of Simulated General Population 26.0 offspring per female
Number of Replicates in Simulated General Population 20,000 female C. dubia


Parameter Assigned Value


TST vs.
NOEC







 
 
 
 
 
 
 
 


 
Appendix B 


 
 


Monte Carlo Simulation of Synthetic Non-Toxic Method Blank Data 
(where inter-replicate coefficient of variation = 20%) 


 
  







Pass Fail Total
Pass 956 35 991
Fail 1 8 9


Total 957 43 1000


Pass Fail Total
Pass 991 0 991
Fail 9 0 9


Total 1000 0 1000


Pass Fail Total
Pass 956 0 956
Fail 1 0 1


Total 957 0 957


Pass Fail Total
Pass 957 0 957
Fail 43 0 43


Total 1000 0 1000


Method Pass # Pass % Fail # Fail % Total


NOEC 957 95.70% 43 4.30% 1000


EC/IC25 1000 100.00% 0 0.00% 1000


TST 991 99.10% 9 0.90% 1000


TST vs.
Both NOEC & IC-25


NOEC vs.
IC-25


Monte Carlo Simulation for Ceriodaphnia dubia Reproduction:


Comparing Performance of WET Test Methods Using Non-Toxic Control Data


NOEC
TST vs.


TST vs.
IC-25


Number of Monte Carlo Resamples


20,000 female C. dubia


26.0 offspring per female


5.2
10 female C. dubia


10 female C. dubia


1,000 simulated tests
Number of Replicates in Random Group 2 (simulated effluent)


*The ten members of group 1 and the ten members of Group 2 were all selected from the same 


simiulated General population, however individual tests were discardedand repeated if group 1 (the 


simulated control group) failed to meet EPA's minimum Test Acceptance Criteria of at least 15 offspring 


per female.


Assigned ValueParameter


Number of Replicates in Simulated General Population


True Mean Reproduction of Simulated General Population


True Standard Deviation of Simulated General Population


Number of Replicates in Random Group 1 (simulated control)*







 
 
 
 
 
 
 
 


 
Appendix C 


 
 


Monte Carlo Simulation of Synthetic Non-Toxic Method Blank Data 
(where inter-replicate coefficient of variation = 25%) 


 
  







Pass Fail Total
Pass 940 13 953
Fail 22 25 47


Total 962 38 1000


Pass Fail Total
Pass 953 0 953
Fail 45 2 47


Total 998 2 1000


Pass Fail Total
Pass 940 0 940
Fail 22 2 24


Total 962 2 964


Pass Fail Total
Pass 962 0 962
Fail 36 2 38


Total 998 2 1000


Method Pass # Pass % Fail # Fail % Total


NOEC 962 96.20% 38 3.80% 1000


EC/IC25 998 99.80% 2 0.20% 1000


TST 953 95.30% 47 4.70% 1000


NOEC vs.
IC-25


TST vs.
Both NOEC & IC-25


TST vs.
IC-25


TST vs.
NOEC


Number of Monte Carlo Resamples 1,000 simulated tests
Number of Replicates in Random Group 2 (simulated effluent) 10 female C. dubia
Number of Replicates in Random Group 1 (simulated control)* 10 female C. dubia


True Standard Deviation of Simulated General Population 6.5


Number of Replicates in Simulated General Population 20,000 female C. dubia


Comparing Performance of WET Test Methods Using Non-Toxic Control Data


Monte Carlo Simulation for Ceriodaphnia dubia Reproduction:


*The ten members of group 1 and the ten members of Group 2 were all selected from the same simiulated General 


population, however individual tests were discardedand repeated if group 1 (the simulated control group) failed to 


meet EPA's minimum Test Acceptance Criteria of at least 15 offspring per female.


Parameter Assigned Value


True Mean Reproduction of Simulated General Population 26.0 offspring per female







 
 
 
 
 
 
 
 


 
Appendix D 


 
 


Monte Carlo Simulation of Synthetic Non-Toxic Method Blank Data 
(where inter-replicate coefficient of variation = 35%) 


 
 







Pass Fail Total


Pass 822 1 823
Fail 133 44 177


Total 955 45 1000


Pass Fail Total


Pass 823 0 823
Fail 133 44 177


Total 956 44 1000


Pass Fail Total


Pass 822 0 822
Fail 124 35 159


Total 946 35 981


Pass Fail Total
Pass 946 9 955
Fail 10 35 45


Total 956 44 1000


Method Pass # Pass % Fail # Fail % Total


NOEC 955 95.50% 45 4.50% 1000


EC/IC25 956 95.60% 44 4.40% 1000


TST 832 83.20% 168 16.80% 1000


TST vs.
NOEC


NOEC vs.
IC-25


Monte Carlo Simulation for Ceriodaphnia dubia Reproduction:


Comparing Performance of WET Test Methods Using Non-Toxic Control Data


True Standard Deviation of Simulated General Population 9.1


Number of Replicates in Random Group 1 (simulated control)* 10 female C. dubia
Number of Replicates in Random Group 2 (simulated effluent) 10 female C. dubia


TST vs.
Both NOEC & IC-25


TST vs.
IC-25


Number of Monte Carlo Resamples 1,000 simulated tests


True Mean Reproduction of Simulated General Population 26.0 offspring per female
Number of Replicates in Simulated General Population 20,000 female C. dubia


Parameter Assigned Value


*The ten members of group 1 and the ten members of Group 2 were all selected from the same simiulated General 


population, however individual tests were discardedand repeated if group 1 (the simulated control group) failed to 


meet EPA's minimum Test Acceptance Criteria of at least 15 offspring per female.










CASQA: The Draft Policy should provide justification for requiring chronic toxicity testing for stormwater dischargers.    The variable nature of stormwater runoff presents unique challenges in accurately characterizing water quality and potential receiving water impacts. This is especially true for toxicity monitoring, where the science required to effectively characterize the duration, exposure, and environmental impacts of stormwater toxicity is lacking, and the application of methods derived for continuous wastewater discharges is not appropriate. The standard EPA whole effluent toxicity (WET) test methods were developed for continuous point source wastewater discharges and do not take into account the unique features of stormwater. The applicability of the WET method for use on intermittent stormwater samples has never been properly validated. Of primary concern is the mismatch between the exposure periods for toxicity testing, typically lasting four to ten days, and the duration of stormwater discharges, typically lasting some number of hours, and rarely exceeding one full day.   Appendix E recommends a chronic toxicity test renewal strategy using the initial stormwater sample ‐ thus exposing the test organism to stormwater for periods far exceeding the duration of actual exposure to stormwater in the real world. The State Water Board acknowledges these challenges in Appendix E of the Draft Policy [see Tiefenthaler et al. 2008 reference in comment letter].   Nonetheless, Part B.2 of the Draft Policy recommends that ''...stormwater dischargers implement a chronic toxicity monitoring program'' but does not provide justification for a chronic exposure period. Mandating toxicity test chronic exposure periods that can be seven days or more is overly conservative for assessing stormwater events.



SWRCB: The June 2012 Public Review Draft of the Policy did not propose a requirement for storm water dischargers to monitor chronic toxicity; it only recommended that the applicable Water Board do so. However, these recommendations have not been included in the draft toxicity amendment. 



[bookmark: _GoBack]Permits are written to be fully enforceable; to consider available receiving water dilution when appropriate; to protect against acute and chronic impacts; and to ultimately protect both acute and chronic water quality objectives. During wet weather events, the concentration of concern for toxicity testing is typically 100 percent storm water. Therefore, chronic toxicity monitoring is the most protective as it detects both acute and chronic impacts; this holds true for toxicity testing in effluent‐dominated receiving waters as well. In fact, pesticide pulses from storm water runoff have been studied in different watersheds and have been shown to remain toxic for days to weeks after the runoff event (Kuivila and Foe, 1995; Werner et al., 2000).



The duration of the storm does not need to match the duration of the toxicity test in order to demonstrate toxicity during a wet weather event. Additionally, there are several chronic toxicity tests with less than 96 hour durations that utilize a single water sample. The duration of the toxicity test is established in order to elicit the biological endpoint chosen for observation, such as reduction in growth, reproduction, larval development, etc. Additionally, see references cited in response to comment 7.2. 



References: Kuivila KM, Foe CG. 1995. Concentrations, transport and biological effects of dormant spray pesticides in the San Francisco estuary, California. Environ. Toxicol. Chem., 14: 1141‐1150. 



Werner I, Deanovic LA, Conner V, Vlaming VD, Bailey HC, Hinton DE. 2000. Insecticidecaused toxicity to Ceriodaphnia dubia (Cladocera) in the Sacramento‐San Joaquin River delta, California, USA. Environ. Toxicol Chem., 19: 215‐227. 
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TIE: Toxicity identification evaluation 
TMDL: Total maximum daily load 
TRE: Toxicity reduction evaluation 
TST: Test of Significant Toxicity 
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EXECUTIVE SUMMARY 


The objective of this document is to provide implementation guidance to the State Water 
Resources Control Board (State Water Board) on storm water applications to accompany their 
upcoming Policy for Toxicity Assessment and Control (Policy).  The primary audience for this 
guidance is Regional Water Quality Control Board (Regional Water Board) staff that writes and 
interprets toxicity testing language in municipal separate storm sewer systems (MS4) National 
Pollutant Discharge Elimination (NPDES) permits, and regulated stakeholders that implement 
toxicity testing in their MS4 NPDES permits.  Four major topics necessary for implementation of 
a toxicity monitoring program are addressed: 1) sampling; 2) testing; 3) data management; and 4) 
Toxicity Identification Evaluations (TIEs).  The recommendations are not binding and not meant 
to be one size fits all.  Instead, the recommendations are meant to serve as a starting point for 
developing a monitoring and reporting program.  Default recommendations are provided (Table 
ES1), but alternative options are available for many decision points.  Regulatory or regulated 
agencies may decide to do more (or less) monitoring depending on site-specific or agency-
specific needs. 


 


Table ES1.  List of default recommendations for monitoring toxicity in storm water. 


 Default Recommendation Additional Options 
Sampling 
Station location Integrator site Targeted site(s) for specific sources 
Frequency 2 storms and 2 dry weather per year Use power analysis to optimize trend detection 
Storm trigger Forecasted 0.25 inches with 50% 


probability of precipitation 
Median storm event at nearest rain gauge; account 
for antecedent dry conditions 


Collection method Discrete sampling on the rising limb of the 
hydrograph 


Composite sampling to reduce within storm 
variability 


Sample containers Amber glass with Teflon lined lid, kept in 
the dark 


Alternate materials when compatible with the 
toxicant and its properties  


Testing 
Species selection Multi-species screening at new sites Focused species at known sites or for known 


contaminants  
Holding time 36 hr, in the dark at <6 C Do not test samples >72 h 
Renewals <48 hr using original storm sample - 
Test acceptability 
criteria 


As prescribed in the EPA test methods - 


Data Management  
Minimum fields Test summary information California Data Exchange Network formats 
Toxicity Identification Evaluation  
TIE Trigger Create TIE work plan agreeable to both 


regulated and regulatory parties 
>50% effect on original sample;  
First storm of season 


Treatments Baseline, SPE, EDTA/cation exchange 
column, PBO 


Other treatments and/or dilutions  


Species selection Same as original test species - 
Test methods Follow EPA guidance Modify volume or renewals when sample is limited 
Quality assurance Follow EPA guidance, increase blanks for 


TIE treatments 
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BACKGROUND 


Toxicity testing has been a part of National Pollutant Discharge Elimination System (NPDES) 
permit monitoring and reporting programs since the 1970’s (Heber et al. 1996).  Toxicity testing 
provides several advantages over chemical measurements alone.  For example, toxicity tests can 
capture effects of unmeasured chemicals and variability in bioavailability.  It is nearly impossible 
to measure all potential toxicants in a discharge, and to exacerbate the problem, hundreds of new 
chemicals are developed and potentially discharged into the environment each year (Muir and 
Howard 2006).  Even if all the potential toxicants in a discharge could be chemically analyzed, 
such analysis would be expensive and would be inherently limited because they would have to 
be evaluated on a one-by-one basis.  Yet, scientists know that many toxicants can interact to 
create synergistic or antagonistic effects on test organisms (Loureiro et al. 2010).  Toxicity 
testing in NPDES monitoring and reporting programs has such value that there are now over a 
dozen different standardized toxicity test methods including freshwater, estuarine, and marine 
species measuring both lethal and sublethal endpoints. 
 
Historically, point source facilities such as publicly owned treatment works (POTWs) and 
industrial facilities were the focus of toxicity tests for NPDES permit programs.  Point source 
facilities are well-suited to toxicity testing because effluent flow and quality remains somewhat 
steady, changing little over time unless alterations in the treatment process occur (Lyon et al. 
2005).  These relatively static effluent conditions enable repeat testing for confirmation and  
follow up testing to identify and confirm the responsible toxicants.  As such, standard permit 
language has evolved for point source facilities  to include testing, toxicity identification 
evaluations (TIEs), and toxicity reduction evaluations (TREs) that include management actions 
responding to failed toxicity tests (see permit sample language in Denton et al. 2010). 
Aquatic toxicity testing was first used in storm water NPDES permits in California during the 
1990’s (Katznelson and Mumley 1997; Skinner et al. 1998; Bailey et al. 2000; Fong et al. 2000; 
Larsen et al. 2000; SRWP 2000; Larsen and List 2002).  The NPDES toxicity testing focused on 
waters receiving discharges from Phase I municipal separate storm sewer systems (MS4).  
Unlike traditional point sources, toxicity tests are not applied, nor are the resulting information 
utilized, in a similar fashion among different MS4 permittees in California.  Data interpretation 
can range from purely observational information to the primary data source used for placing a 
waterbody on the State’s list of impaired waterbodies, which mandates regulatory oversight 
including a total maximum daily load (TMDL). 
 
One reason that aquatic toxicity tests of urban runoff are applied less uniformly than point 
sources is due to runoff’s unique challenges.  Unpredictability in flow and water quality, 
particularly those associated with storms, makes sampling difficult.  Runoff flows and 
contaminant concentrations can change orders of magnitude in less than an hour (Tiefenthaler et 
al. 2008).  Moreover, the sources of toxicants in runoff are more diffuse than in point sources, 
making identifying and controlling toxicants more challenging. 


Objective of this Document 


The objective of this document is to provide implementation guidance to the State and Regional 
Water Boards on monitoring toxicity in storm water discharges.  The primary audience for this 
implementation guidance is the Regional Water Board staff that must write and interpret toxicity 
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testing language in MS4 permits, and regulated stakeholders that must implement toxicity testing 
in their MS4 NPDES permits. 


METHODS 


Four major topics were addressed for implementing a storm water monitoring program: 1) 
sampling; 2) testing; 3) information management; and TIEs.  There are several issues within each 
of these topic areas.  Recommendations for these topics were developed in the context of the 
objectives of a monitoring program, expressed in terms of five key monitoring questions. 
The recommendations are not binding and not meant to be one size fits all.  Instead, the 
recommendations are meant to serve as a starting point for developing a monitoring and 
reporting program.  These recommendations are default options and either regulators or 
regulated may decide to do more (or less) depending on site-specific needs. 
 
Three additional elements were provided to assist with implementation guidance.  The first was a 
list of frequently asked questions (Appendix A), adapted from EPA guidance (Denton et al. 
2010).  The second was an unofficial survey of toxicity requirements conducted in March 2010 
(Appendix B).  A questionnaire was sent to 11 MS4 programs with 100 percent response.  These 
programs represent a sampling of the majority of MS4 NPDES permits in California including 
the Phase I permits.  The survey consisted of 28 questions covering each of the 4 topics.  These 
results are referred to frequently throughout the document to give perspectives as to the level of 
effort, and level of comparability in effort, for existing monitoring and reporting programs in the 
state. The third was a flow chart of sampling activities (Appendix C), adapted from California 
Department of Transportation monitoring program (Caltrans 2009). 


MONITORING QUESTIONS 


Monitoring questions are a paramount element of a functional monitoring program.  The 
questions drive all of the study design elements including what, where, when, and how sampling 
or laboratory measurements are to be made.  Therefore, it is critical that any recommendations 
for monitoring be within the context of the question it is trying to answer.  For this document, 
five questions appropriate to MS4 monitoring programs were addressed: 


1) Do aquatic toxicity test organisms not respond to urban runoff? 


This question is the most fundamental.  Loosely translated, this question attempts to 
identify for regulators and regulated agencies if a potential for toxicity exists.  If an 
aquatic toxicity test does not respond to urban runoff, then the intent of the toxicity 
Policy perseveres; there is no environmental problem.  If, however, the toxicity test 
organism does respond to urban runoff exposure, then it is incumbent that environmental 
managers should take further steps to identify the scope of the potential problem.  These 
next steps are expressed in questions two through five. 


 


2) What is the temporal or spatial extent of toxic response by aquatic organisms? 


Aquatic toxicity tests are not always conclusive.  Particularly in situations such as wet 
weather urban runoff, where flows and concentrations fluctuate dramatically, one test 
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does not tell the whole story.  When the first question does indicate an effect, managers 
should identify the scope of the toxicity.  Before taking management actions, it will be 
important to ascertain if the toxicity was an isolated incident, or a consistent problem at 
this site.  Similarly, assessing if toxicity occurs at many sites will help determine the level 
and direction of management actions necessary to resolve the toxicity.  


 


3) What are the causes of aquatic toxicity in urban runoff? 


When aquatic toxicity is pervasive, either over time at a site or across many sites, 
identifying the responsible toxicant(s) should become a priority.  This detective work is 
typically conducted using a TIE.  Successful TIEs include three phases: characterization, 
identification, and confirmation.  It is the results of the TIEs that will most effectively 
focus managers for appropriate control actions. 


 


4) What are the sources of aquatic toxicity in urban runoff? 


Once the responsible toxicant(s) are identified, managers will need to identify where in 
the watershed the toxicant(s) originate.  Sometimes the toxicant(s) arise from single 
locations while at other times toxicant(s) are diffuse and sources are difficult to pinpoint.  
The goal of this question is to determine the origins(s) of the toxicant so remedial action 
can occur. 


 


5) Is the magnitude or extent of aquatic toxicity in urban runoff changing over time? 


This question assesses trends.  Typically, once a management action is undertaken, there 
is a desire to track progress to ensure the problem has been resolved.  For both regulatory 
and regulated agencies, this question is critical to demonstrating successful compliance. 


 


These questions are referred to frequently throughout this document.  Technical decisions about 
recommended approaches are always developed in context of the question that is to be answered.  
These are not the only questions that could or should be asked.  Based on experience, many 
Regional Water Boards ask additional questions that could lead to differing monitoring design 
recommendations.  However, these questions, at a minimum, should be answered by an NPDES 
monitoring and reporting program.   


SAMPLE GUIDANCE 


There were five primary sampling issues that require guidance.  These issues included station 
location, sampling frequency, storm trigger, collection method, and sample containers.   


Sample Location 


Two types of sampling locations exist; integrator sites and targeted sites.  Integrator sites sample 
across an array of different sources and/or land uses.  Integrator sites are often located at the 
bottom of a catchment or watershed, thus capturing many sources of pollutants found in urban 
runoff.  Integrator sites are good for screening if a toxicity problem exists in a watershed or for 
determining if commingled toxicants from multiple sources result in toxic responses.  A good 
example of integrator sites would be mass emission sites used for MS4 permit monitoring 
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programs.  In contrast, targeted sites are often located immediately downstream of a discrete 
source to determine if discharges from that source are important contributors to toxicity.  
Targeted sites are valuable because they may capture only a single source for characterization 
and assessment.  The types of sites used for construction or industrial storm water permit 
monitoring programs would be a good example of a targeted site.  Both the integrator and 
targeted sites have their appropriate application depending on the question to be answered (Table 
1).  Integrator sites are the default recommendation for MS4 monitoring programs.  


 


Table 1.  Type of sampling location appropriate for each monitoring question. 


Question Integrator Site Targeted Site 


Is runoff toxic to aquatic life? X  


What is the extent of aquatic toxicity? X  


What is the cause of toxicity X X 


What is the source of toxicity?  X 


Is the aquatic toxicity in runoff changing? X X 
 


Frequency of Sampling 


Frequency of sampling is an important aspect of study design because the number of sampling 
events can be a large component of monitoring costs.  The current draft toxicity policy 
recommends a default frequency of two wet weather events and two dry weather events.  This 
frequency is similar to the frequency currently used for many MS4 programs in California.  For 
example, 63 percent of the MS4 programs in our survey currently sample two storms per year.  
Specific recommendations for frequencies other than the default are a function of statistical 
power dependent on the question of interest.  For example, the sample size (i.e. frequency) for 
the necessary statistical power to detect trends in Question 5 is a function of time (duration of 
trend), magnitude (amount of change), and variability (variance independent of trend such as 
storm to storm variability).  If a frequency other than the default frequency is desired, then 
conducting power analysis is crucial to help guide optimal sample size.   


Storm Trigger 


Storm triggers are perhaps one of the most significant elements of storm water sampling.  
Weather forecasting is intrinsically challenging.  Mobilizing for a storm that never materializes 
can be an expensive waste of effort.  Don’t mobilize for a storm that does materialize and you 
may have to wait another year to capture a similar event.  Based on our survey of existing MS4 
storm water monitoring programs, all of the respondents stated that storm triggers were based on 
quantity of predicted rainfall and that no program used a trigger greater than 0.25 inches.  In 
addition, all of the monitoring agencies used a trigger of between three and seven antecedent dry 
days between storm events.  Long-term rainfall duration curves from major metropolitan areas in 
California were compared to ascertain if variations in climate should factor into storm trigger 
recommendations (Figure 1).  The median rainfall event in Los Angeles, San Francisco, and 
Sacramento were all approximately 0.25 inches. 
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Figure 1.  Long-term rainfall duration curves for three major metropolitan centers in California.   
Data covers a minimum of 65 years. 


 


A rainfall forecast of >0.25 inches/24 hours with at least a 50 percent probability of precipitation 
by the National Weather Service is recommended as the default storm trigger.  This trigger 
should be preceded by a minimum of 72 hours 
of no rain.  This trigger is consistent with most 
monitoring programs and, as the median storm 
event across multiple major California 
municipalities, strikes a balance between storms 
that are not too small or too large.  If a storm is 
collected, but the rainfall trigger is not 
surpassed, the sample(s) should be analyzed if 
>0.10 inch/24 hours of rainfall fell and there was 
an increase over baseline flow.  It is preferable 
to resample storms <0.1 inches/24 hours.  
Regulated and regulatory agencies should be 
given the option to change the rainfall trigger by 
selecting the median storm event for the long-
term historical record at their locality.  Another 
option would be the consideration of the 
antecedent moisture condition (AMC).  The 
AMC, which is a function of soil infiltration 
capacity and time since previous rainfall, can be 
used to alter storm triggers (Heggen 2001; Sahu 


Storm Water Sampling 


Storm sampling is quite unlike sampling 
continuous discharges such as POTWs.  Storms 
are unpredictable so sampling preparations 
require more attention and organization.  


Although only two storm samples are required 
each year, preparation and readiness may last 
six months.  In addition, weather forecasti n two 
storms may be required in order to obtain ng is 
an imperfect science and, because storm events 
may not materialize or equipment may not work 
properly, mobilization for more tha sufficient 
samples for analysis.  In order to assist storm 


water agencies and Regional Water Board’s, an 
example flow chart has been provided in 


Appendix C to assist those unfamiliar with storm 
sampling. 
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et al. 2010).   


Storm Sampling 


There are two generic methods for sampling storm water; discrete sampling or composite 
sampling (Table 2).  Discrete (sometimes called “grab”) sampling, usually collected by dipping a 
container in flowing water, is used to collect instantaneous, single samples of various volumes.  
Discrete sampling is also the most common of the sampling methods used in MS4 programs.  
Approximately two-thirds of regulated agencies employed discrete sampling based on our 
survey.  However, because of the variability inherent in storm water concentrations, variation in 
toxicity data from sample-to-sample or storm-to-storm can be extreme (Figure 2).  Composite 
samples, such as flow weighted composite samples, provide a much better estimate of a storm’s 
central tendency and, hence, less variation than discrete samples.  However, composite sampling 
can require specialized equipment such as flow meters, peristaltic pumps, and electronic data 
storage devices.  As a result, costs can increase significantly, especially if one or only a few 
storms are to be collected at that site (per sample costs decrease over time as the efficiencies of 
automated composite samplers are accrued across multiple events).  Composite sampling may 
also have its logistical challenges if large volumes are required.  The largest commercially 
available composite sample bottles are 20 L.  While obtaining composite sample volumes greater 
than 20 L are possible, the challenges and costs increase at a greater rate than it would by 
discrete sampling alone.  One important consideration is leveraging other monitoring data.  In 
this instance, most programs collect composite samples for chemical analysis.  If the intent is to 
compare the toxicity information to the chemistry information, then splitting the composite 
sample for chemistry and toxicity is the preferred alternative.  Finally, toxicant loss in grab 
samples is presumed to be less than composite samples because of the instantaneous nature of 
discrete sampling.  Direct filling of the sample bottle reduces the likelihood of contaminants 
volatilizing, sticking to sampling surfaces, or being cross-contaminated than a sample pumped 
through composite tubing, sometimes for long distances.   
 
While discrete sampling and composite sampling are both acceptable, the recommended 
sampling method is a function of maximizing sampling criteria for the monitoring question you 
want to answer.  If the objective is a simple screening to determine whether or not runoff is toxic 
to aquatic life, then discrete sampling is likely sufficient.  Similarly, determining the causes and 
sources of toxicity can also be answered using discrete samples, especially if the most toxic 
times and/or locations are targeted.  However, sampling to determine if toxicity is changing over 
time is best sampled using composites because variability is reduced and trends are more likely 
to be observed with fewer samples.  Regardless of discrete or composite sampling, if toxicity and 
chemistry are to be compared, they should be subsampled from the same bottle. 
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Table 2.  Considerations for grab versus composite sampling for storm events based on different 
decision sampling criteria. 


 


Sampling Criteria Discrete Sample Composite Sample 


Data Variability Larger within and between storms Smaller within and between storms 
Ability to sample large volumes Easier Harder after 20 L 
Cost Lower cost Higher cost 
Ability to compare with chemistry Split sample necessary Split sample necessary 
Sample Integrity Better Not bad 


 


 
Figure 2.  Storm water toxicity of highway runoff to fathead minnows and Ceriodaphnia dubia over 
time (Kayhanian et al. 2008).  Eight discrete samples (in red) were collected and tested over the 
first eight hours of runoff.  An equal weight composite was also prepared and tested for 
comparison (in blue following discrete sample results).
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Container Type 
The selection of container type is dependent upon the type of toxicant one is concerned about. 
The general rule is that glass containers should be used for hydrophobic contaminants, such as 
chlorinated organic compounds (i.e. Dichlorodiphenyl Trichlorethane (DDT), Polychlorinated 
Biphenyls (PCBs), insecticides (i.e. pyrethroids, organophosphorus), and herbicides (i.e. 
glyphosate).  These compounds will sorb to sampling container walls made of organic materials 
such as plastic.  In these cases, amber or dark colored glass is preferred to minimize 
photodegradation.  The general rule also applies to hydrophilic contaminants, where plastic 
containers are recommended.  In this case, trace metals (i.e. copper, zinc) or polar organic 
compounds (i.e. some surfactants) may stick to the surfaces of sample containers with charged 
surfaces.  If the toxicant(s) is unknown, the default container type is glass.  Containers should be 
filled to the neck to minimize headspace, which will reduce volatilization of aromatic 
components.  All containers should have Teflon-lined lids and all containers should be pre-
cleaned according to United States Environmental Protection Agency (EPA) guidance to avoid 
cross-contamination.  Certified pre-cleaned glassware can be purchased from most suppliers.  
Additional techniques to help minimize loss of sample integrity especially when testing with 
hydrophobic compounds like pyrethroids (USGS 2009).  These sampling and containers 
recommendations include: A) container composition affects the extent of aqueous pyrethroids 
loss: pyrethroids associate less to glass containers and plastic, and Telfon has the greatest 
pyrethroids loss caused by association to container surface, B) containers should be agitated 
vigorously for at least one minute before transfer to another sample container; C) maximize the 
volume to surface contact area ratio; and D) when using a filtration apparatus or autosampler, 
pump speeds should be at 500 ml/min.  These are techniques to be implemented when handling 
compounds such as pyrethroids. 


METHODOLOGICAL GUIDANCE 


There are four primary methodological issues relevant to implementation.  These issues include 
species selection, holding time, renewals, and test acceptability criteria (TAC).  Most, but not all, 
of these issues are independent of the aforementioned monitoring questions. 


Species Selection 


Current strategies for selecting species are discussed in the toxicity policy.  In brief, the 
requirement is to test multiple species from multiple phyla (i.e. one alga, one invertebrate, one 
vertebrate) to ascertain the most sensitive species.  There are multiple factors to consider when 
applying this strategy to storm water testing including frequency, monitoring design and 
confounding factors. 
 
Currently, POTWs conduct most sensitive species screenings approximately once per permit 
cycle.  This frequency assumes that POTW effluent quality stays relatively homogeneous over 
time.  In contrast, storm water discharges are far from homogeneous, with water quality 
potentially changing both within and between storm events.  Therefore, options for selecting test 
species should be considered. 
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The recommendation for conducting most sensitive species screenings for storm water is 
dependent upon prior knowledge at a site.  If there is no previous knowledge at a site, then the 
recommendation is to screen storm water samples with at least three species (a fish, an 
invertebrate, and a plant) for chronic testing and two species (a fish and an invertebrate) for acute 
testing (Denton et al. 2010).  There are no acute test methods with plant species.  This 
recommendation is based upon the fact that there are species sensitivity differences among 
different groups of organisms to different toxicants. 
 
If many previous tests have been conducted at that site, then the recommendation is modified.  If 
a sensitive species has already been determined, this information should be used to select test 
species.  As a corollary to this recommendation, if there is prior knowledge of the potential 
toxicant(s) at a site, then selecting test species using known sensitivity to that toxicant(s) is 
recommended.  For example, it is known that Ceriodaphnia dubia is a highly sensitive 
freshwater species to pesticides such as diazinon (see Table 5 for additional examples).  If 
diazinon is the suspected contaminant of concern, then the monitoring program should select C. 
dubia. 
 
Another consideration for species selection is monitoring design.  For monitoring questions one 
through four that focus on determining whether or not toxicity exists and the toxicants of 
concern, varying test organism selection to target the most sensitive species is appropriate.  
However, if the monitoring question addresses trends (i.e. Question 5), then utilizing a common 
species over time is the more appropriate selection. 
 
Storm water programs should pay particular attention to potential confounding factors when 
selecting test species.  For example, high conductivity levels can occur naturally but will 
confound C. dubia tests.  Conductivity will confound C. dubia tests because this species does not 
reproduce well, even in control exposures, at conductivity levels above 2,500 µmhos.  Consistent 
with State recommendations (SWAMP 2008), C. dubia should be replaced with Hyalella azteca 
water phase tests above 2,500 µmhos conductivity.  


Holding Time 


Holding time is an important element of sample handling because contaminants can degrade 
prior to laboratory testing.  The objective is to minimize this degradation to the maximum extent 
possible.  This can be accomplished following these steps: 1) keep containers sealed to prevent 
volatilization and contamination; 2) keep containers cold (<6ºC) to prevent metabolic or thermal 
breakdown; and 3) keep samples in the dark to prevent photodegradation.  Finally, samples 
should be tested within 36 hours of sampling.  The 36-hour requirement is consistent with EPA 
test methods (USEPA 1995, 2002a, 2002b, 2002c) and is consistent across all of the MS4 
programs in the state according to our survey.  For composite samples, holding time begins after 
the last sample interval.  The EPA has allowed exceptions to the 36-hour holding time, for 
example, when effluents are shipped overseas for testing (Denton et al. 2010).  The primary 
reason for an extension of the holding time would be the consideration of the sampling and 
laboratory technicians safety (Burton and Pitt 2001; see page 255), and logistics of coordinating 
collection and transport of multiple samples within a short period.  Since storm events are not 
pre-determined and typically are occurring rapidly throughout a watershed, many site samples 
must be coordinated with short notification.  The 36-hour holding time for test initiation should 
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be targeted, but no more than 72 hours should elapse before initial use of a sample.  This should 
all be followed up with personal communication to the appropriate regulatory agency for 
approval.  


Test Renewals 


Renewal of test chambers, where a portion of the exposure media is removed and replaced with 
fresh exposure media is a common laboratory practice documented in standard methods (USEPA 
1995, 2002a, 2002b, 2002c).  These renewals are necessary, especially in relatively long 
exposures (>4 days), to reduce the buildup of organism waste or uneaten food, and minimize 
associated confounding test factors. 
 
Test sample renewals are a unique challenge for toxicity testing with storm water.  Unlike 
POTW testing where renewal samples can be collected in the days following test initiation, most 
storms last less than a day and follow up samples for renewal would not be representative of the 
actual storm event.  It is recommended that storm water monitoring programs conduct renewals, 
but with original storm samples.  Renewals should occur no more infrequently than every 48 
hours.  This guidance is consistent with the existing monitoring programs based on our MS4 
sampling and testing survey as well as standard practice for the State’s Surface Water Ambient 
Monitoring Program (SWAMP 2008). 


Test Acceptability Criteria 


Test acceptability criteria set minimum requirements for performing toxicity tests.  These 
minimum requirements are clearly identified in the EPA test method manuals.  Both storm water 
and reference toxicant tests must meet these TAC.  For example, the control for both the effluent 
test and the reference toxicant test must achieve 80 percent or greater survival and produce an 
average of 15 young per female for the chronic C. dubia survival and reproduction test method.  
These requirements are stated in the summary of test conditions and TAC table in each chapter 
for the test method manuals.  Both the regulated and the regulatory authority should be familiar 
with these summary test conditions and TAC.  Test data are reviewed to verify that TAC 
requirements for a valid test have been met.  Any test not meeting the minimum TAC is 
considered invalid.  


Review of Test Conditions 


Test conditions should be reviewed and compared to the specifications listed in the summary of 
test condition tables provided for each method.  Physical and chemical measurements taken 
during the test (e.g. temperature, pH, and dissolved oxygen) also are reviewed and compared to 
specified ranges.  Any deviations from specifications should be documented and described in the 
data report. 
 
The summary of test condition tables presented for each method identifies test conditions as 
required or recommended.  For toxicity test data submitted under NPDES permits, all “required” 
test conditions must be met or the test is considered invalid and must be repeated with a newly 
collected sample.  Deviations from “recommended” test conditions must be evaluated on a case-
by-case basis to determine the validity of test results.  Deviations from recommended test 
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conditions may or may not invalidate a test result depending on the degree of the departure and 
the objective of the test.  The reviewer should consider the degree of the deviation and the 
potential or observed impact of the deviation on the test result before rejecting or accepting a test 
result as valid.  For example, if dissolved oxygen is measured below 4.0 mg/L in one test 
chamber, the reviewer should consider whether any observed mortality in that test chamber 
corresponded with the drop in dissolved oxygen. 
 
An individual test may be conditionally acceptable if temperature, dissolved oxygen and other 
specified conditions fall outside specifications, depending on the degree of the departure and the 
objectives of the tests (see test conditions and TAC specified for each test method). The 
acceptability of the test will depend on the experience and professional judgment of the 
laboratory investigator and the regulatory authority (see section on data evaluation in the test 
method manuals).  Whereas slight deviations in test conditions may not invalidate an individual 
test result, test condition deviations that continue to occur frequently in a given laboratory may 
indicate the need for improved quality control in that laboratory. 


Review of Reference Toxicants 


The purpose of generating reference toxicant data is to: 1) asses the health and sensitivity of test 
organisms over time; and 2) document and demonstrate initially and ongoing acceptable 
laboratory performance.  Satisfactory laboratory performance is demonstrated by performing at 
least one acceptable test per month with a reference toxicant for each toxicity test method 
conducted in the laboratory during a month.  For a given test method, successive tests must be 
performed with the same reference toxicant, at the same concentrations in the same dilution 
water, using the same data analysis methods.  Regardless of the source of test organisms (in-
house cultures or purchased from external suppliers), the testing laboratory must perform at least 
one acceptable reference toxicant test per month for each type of toxicity test method conducted 
in that month (USEPA 2002a, 2002b).  If a test method is conducted only monthly, or less 
frequently, a reference toxicant test must be performed concurrently with each effluent or storm 
water toxicity test.  This requirement will document ongoing laboratory performance and assess 
organism sensitivity and consistency when organisms are cultured in-house.  When organisms 
are obtained from external suppliers, concurrent reference toxicant test must be performed with 
each effluent sample, unless the test organism supplier provides control chart data from at least 
the last five months of reference toxicant testing.  This requirement assesses organism sensitivity 
and health when organisms are obtained from external vendors. 
 
The test review of a given effluent or receiving water should include review of the associated 
reference toxicant test and current control chart.  The test reviewer should verify that a quality 
control reference toxicant test was conducted according to the specified frequency required by 
the regulatory authority or recommended by the method.  The TAC, test conditions, 
concentration-response relationship, and test sensitivity of the reference toxicant tests are 
reviewed to verify that the reference toxicant tests conducted were valid.  The results of the 
reference toxicant tests are then plotted on a control chart and compared to the current control 
chart limits.  Reference toxicant tests that fall outside of the recommended control chart limits 
are evaluated to determine the validity of associated effluent and receiving water tests (see 
chapter on quality assurance of test method manuals). Reference toxicant tests should not be 
used as a de facto criterion for rejection of individual effluent or receiving water tests.  An out of 
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control reference toxicant test does not necessarily invalidate the associated test results.  The 
reviewer should consider the degree to which the reference toxicant test fell outside of the 
control chart limits, the width of the limits, the direction of the deviation (toward increasing test 
organism sensitivity or toward decreasing test organism sensitivity), the test conditions of both 
the effluent and the reference toxicant tests, and the objective of the test.  More frequent and/or 
concurrent reference toxicant testing may be advantageous if recent problems (e.g., invalid tests, 
reference toxicant test results outside of control chart limits, reduced health of organism cultures, 
or increased within-test variability) have been identified in testing. 


DATA AND INFORMATION GUIDANCE 


Data and information management has two primary issues; required data for submittal and data 
analysis.  At present, there is no standard for data submittals to the State Water Board.  However, 
the consensus opinion of the Committee is that the default minimum data submittal should 
include: 
 


• Unique Station Identifier 
• Sample Date/Time 
• Storm or Nonstorm Sample 
• Discrete or Composite Sample 
• Organism Name 
• Test Duration 
• Test Concentration 
• Number of Replicates 
• Mean Result Control 
• Standard Deviation Control  
• Mean Result Test Exposure 
• Standard Deviation Test Exposure 
• Units 
• Test of Significant Toxicity (TST) (pass/fail) 
• Any Quality Assurance Qualifiers 
• TIE Follow-up (yes/no) 
• Contact Information for Testing (including TIE follow-up) 
• Comments 


 
 


The State Water Board is currently developing a platform for electronic submittal of monitoring 
data.  This platform, called the California Environmental Data Exchange Network (CEDEN), 
will include toxicity data (www.CEDEN.org).  The purpose of the CEDEN network is to allow 
the exchange and integration of water and environmental data between groups and to make it 
accessible to the public. CEDEN is a system designed to facilitate integration and sharing of data 
collected by many different participants including state, regional, local, and private information.  
As such, CEDEN has specific templates for data entry, including toxicity information.  The 
philosophy of CEDEN is to capture raw data and not calculated values.  This means that toxicity 
data requirements will include results at the individual replicate level and be inclusive of all 
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quality assurance information (i.e. water quality results, batch process samples, etc.).  While 
CEDEN is not a requirement for NPDES permittees at this point in time, it is assumed that this 
system, or something like it, will become a requirement in the future.  While the level of data 
sharing is much greater, access and utility of the data will be vastly increased. 


TOXICITY IDENTIFICATION GUIDANCE 


Consistent with our third monitoring question to identify specific toxicants, a Toxicity 
Identification Evaluation (TIE) should be considered when toxicity testing demonstrates that the 
storm water or receiving water is toxic and exceeds triggers established by the regulatory agency.  
The pass/fail statistical endpoint derived from the TST (Denton et al. 2011) must be utilized to 
determine whether a sample is toxic.  A TIE is an investigative process that uses laboratory 
modifications of test sample chemistry and resulting changes in toxicity to identify the likely 
causes of toxicity.  This section describes the technical factors to be considered in conducting 
TIEs for storm water monitoring programs.  Other aspects, including identifying and removing 
the sources of the toxicant(s), are important management actions that can follow from a TIE and 
should be developed by negotiation and consultation between stakeholder(s) and regulatory 
agencies. 
 
The EPA and others have published extensive TIE technical guidance (see Study Design).  In 
addition, numerous TIE research papers and case studies have been published which demonstrate 
the efficacy of the TIE process in identifying the cause(s) of toxicity.  Most TIE method 
development and application has been applied to continuous point sources, such as POTWs and 
industrial discharges.  Storm water differs fundamentally from such point sources in that its 
composition may be highly variable over time, obtaining sufficient sample volume is often 
difficult, and sample availability is limited by unpredictable weather events.  The purpose of this 
section is to provide guidance on how to address such challenges, rather than a comprehensive 
description of existing TIE methods and literature. 


TIE Triggers and Work Plan 


The decision to conduct a TIE is based upon consideration of multiple factors such as the 
magnitude and persistence of toxicity.  The magnitude of toxicity present in the storm water is an 
important consideration because a moderate to high level of toxicity typically yield more 
successful results.  Usually, TIEs can be successfully conducted on samples producing at least a 
50 percent effect (e.g., >50% mortality or reduction in reproduction), and this value is 
recommended for general use in selecting samples for TIEs.  However, effective TIEs can also 
be conducted with less toxic samples (e.g., >25% effect), but there is a greater chance of the TIE 
being inconclusive due to changes in toxicity with storage or variability in response (Norberg-
King et al. 2005). 
 
Toxicity persistence refers to the detection of toxicity over multiple sampling events.  In contrast 
to continuous point source discharges, where accelerated testing can be used to confirm the 
persistence of toxicity before initiating a toxicity reduction evaluation, unpredictable storm 
events and temporal variations in storm water quality provide few opportunities per year to 
investigate persistence and conduct TIEs.  Once a decision has been made to conduct a TIE at a 
site, the monitoring agency should be prepared to conduct a TIE on the next available sample 
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that meets the selection criteria established in the TIE work plan.  Storm water toxicity is often 
greatest in the first storms of the season, so early season storms should be targeted for TIEs as 
they will likely provide the best opportunities for a successful study. The default 
recommendation is that prior to starting a TIE study, the permittee should develop a TIE work 
plan in consultation with the regulatory authority.  Establishment of such a plan will encourage 
the permittee and regulatory authority to address important design issues up front and thus will 
save time in initiating a study should the need arise to conduct a TIE.  Decisions regarding 
whether and how to conduct a TIE must often be made on short notice in the midst of a 
monitoring event; a work plan that describes procedures and contingency plans is recommended 
to increase the potential for success.  The TIE work plan should include the following elements: 
 


• Criteria for initiating a TIE on a sample 
• Roles and responsibilities of the TIE team 
• Study design, sample treatments, and chemical analysis 
• Data evaluation and communication 
• Follow up actions 


Study Design 


The EPA has developed TIE procedures to determine the causes of acute and chronic toxicity to 
freshwater species (USEPA 1989a, 1989b, 1991, 1992, 1993a, 1993b, 2001) and to 
estuarine/marine organisms (USEPA 1996).  A generic TIE consists of three phases: toxicity 
characterization (Phase I), toxicant identification (Phase II), and toxicant confirmation (Phase 
III).  An overview of the TIE process is shown in Figure 3.  These three phases are often 
conducted sequentially when investigating continuous point source discharges with stable 
effluent characteristics.  The sporadic and variable nature of storm water may preclude a 
sequential approach, and it may be more effective for the storm water TIE design to incorporate 
greater flexibility and to combine elements of the characterization, identification, and 
confirmation phases to provide more information from each sample analyzed. 
Many Phase I characterization treatments have been applied in TIEs (Table 3).  These treatments 
are designed to classify the cause(s) of toxicity into several broad categories: metals, organics, 
ammonia, oxidants, particulates, and selected pesticides (organophosphates and pyrethroids).  
Many of these treatments are compatible with most commonly used toxicity test methods; 
however, pH manipulations are of limited utility in tests with marine species due to their limited 
tolerance of pH variation. 
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Figure 3.  Storm water toxicity identification evaluation sequence.  Suggested treatments and 
activities for each step are shown; actual treatments/activities should be determined based on 
program objectives and watershed characteristics. 
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Table 3.  TIE characterization treatments.  Highlighted treatments (shaded) are recommended for 
initial storm water testing.  Additional treatments may be included depending on program 
objectives and previous knowledge. 


 


TIE Treatment Treatment Identifies 


Initial toxicity (unaltered effluent) 
 


Initial toxicity test demonstrating toxicity of sample 


Baseline toxicity  (unaltered effluent tested during TIE) Results compared to TIE manipulations to assess effectiveness of 
TIE manipulations 


Centrifugation/filtration Particulate-bound toxicants 


pH adjustment/filtration 
(pH 3 and pH 11) freshwater only 


Particulate-bound toxicants 


pH adjustment/aeration 
(pH 3 and pH 11) freshwater only 


Ammonia and volatile, oxidizable toxicant 


C-18 Solid-phase extraction (SPE) using columns Polar and non-polar organic chemicals 


pH adjustment/SPE (freshwater only) Polar and non-polar organic chemicals 


Sodium thiosulfate addition Oxidants and some cationic metals 


Ethylene diaminetetraacetic acid (EDTA) addition or Cationic metals 


Cation SPE exchange column   


Zeolite Ammonia 


Graduated pH adjustments (freshwater only) Ammonia and pH-sensitive toxicants 


Piperonyl butoxide (PBO) Organophosphate and pyrethroid insecticides  


Carboxylesterase enzyme (CEE) Organophosphate and pyrethroid insecticides 


 
Application of all possible characterization treatments is not recommended for storm water, as 
the sample volume requirements and cost could be excessive.  Alternatively, it is recommended 
that a core suite of selected treatments be considered as the foundation for initial studies in a 
general storm water TIE.  Most previous storm water TIEs have associated toxicity with 
relatively few types of toxicants: trace metals (copper and zinc), pesticides (organophosphates 
and pyrethroids), ammonia, and dissolved solids (i.e. water hardness).  A reduced suite of 
treatments will be effective in determining whether these same constituents are the likely 
toxicants for the sample under investigation.  Depending upon the outcome of the initial TIE 
tests, the treatments used in subsequent tests can be modified to either confirm or provide greater 
specificity to the results.  The suggested initial TIE design is shown by highlighted rows in Table 
3.  In addition to these treatments, measurement of the sample for ammonia concentration and 
hardness will enable discrimination of the most likely contaminants, as shown in Table 4. 
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Table 4.  Expected response of selected TIE treatments to common storm water toxicants.  
Symbols indicate an increase (↑), decrease (↓), or no change (—) in toxicity relative to the baseline 
sample.  Testing of multiple dilutions is recommended when feasible. 


 


Treatment Metals OP  
Pesticides 


Pyrethroid 
Pesticides 


Ammonia Dissolved 
Solids 


EDTA/cation exchange 
column ↓ — — — — 


Organic SPE column — or ↓ ↓ ↓ — — 


PBO — ↓ ↑ — — 


Water quality 
measurement    Above threshold1 Above 


threshold1 


1Comparison to species specific effect threshold (i.e. NOEC, EC25, or EC50) 


Test Species and Exposure Methods 


Toxicity Identification Evaluations differ fundamentally from compliance testing.  Whereas 
compliance tests use standardized methods designed to provide reliable and comparable results, 
TIEs often use less standardized methods in order to investigate specific aspects of the test 
response.  While the methods used in a TIE should be relevant for the situation (e.g. toxicity to a 
specific test organism) prompting the investigation, flexibility in the specifics of how the study is 
conducted is needed in order to increase the efficiency and chance for success of the TIE. 
Typically, TIEs should use the same species as those which prompted the investigation.  The 
sensitivity to specific toxicants may vary markedly between species (Table 5) and the use of a 
different species in the TIE may result in misleading results.  Use of an alternate species is 
acceptable in some cases, such as when the preferred species is unavailable or when a 
comparison of responses between species is part of the TIE design (e.g. confirmation studies). 
 
When toxicity to more than one species has been detected in the monitoring program, the species 
showing the greatest relative response to the sample should be used for the TIE.  The test method 
details should be comparable to those used in monitoring.  However, modifications to factors 
such as replication, test volume, water changes, and sample storage time are acceptable and often 
necessary in order to apply the TIE work plan.  The judgment of an experienced testing lab 
should be relied upon to determine which test method variations are suitable and data should be 
available to demonstrate that such changes do not substantially influence the effectiveness of the 
TIE. 
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Table 5.  Example of TIE results for dry weather flow sample tested using Ceriodaphnia dubia at 0, 
25, 50 and 100 percent concentrations.  Toxic units were determined for each treatment using the 
calculated LC50 from the dilution series.  Organophosphate pesticides were concluded to be the 
most likely cause of toxicity (Phillips et al. 2010). 


 


Treatment 
Mean Percent C. dubia Survival (SD) 


Toxic Units Chlorpyrifos (ng/L) Control 25% 50% 100% 
Baseline 100 (0) 100 (0) 40 (20) 0 (0) 2.1 153 


SPE Column 93 (12) 93 (12) 100 (0) 100 (0) <1 ND 
SPE Eluate 100 (0) 80 (0) 43 (6) 0 (0) 2.3 362 


Carboxylesterase (CEE) 33 (58)* 93 (12) 93 (12) 0 (0) 1.4 137 
Bovine Serum Albumin 100 (0) 100 (0) 0 (0) 0 (0) 2.8 158 


Piperonyl Butoxide (PBO) 76 (8) 93 (12) 100 (0) 93 (12) <1 147 
 


Use of multiple test concentrations (e.g. 100%, 50%, 25%) is recommended, especially if 
toxicity in the original sample is high.  Examining response to the TIE treatments over a 
concentration series enables a more confident interpretation of results for TIE analyses. 
Quality assurance/quality control procedures for TIEs also differ from those used in compliance 
testing.  Reference toxicants and water quality limits (e.g. dissolved oxygen and pH thresholds) 
are not usually applied.  However, greater use of controls and blanks is required in a TIE in order 
to detect unintended changes in toxicity due to sample handling or reagent toxicity.  Usually, TIE 
treatment blanks consist of laboratory control water treated in the same manner as the test sample 
(e.g. addition of ethylene diaminetetraacetic acid (EDTA)).  


Interpretation of Results 


Several strategies are used in evaluation of TIE results, depending upon the types of treatments 
conducted.  First, treatment effectiveness is determined by comparing the organism’s relative 
response for each treatment compared to the untreated baseline sample.  Several approaches have 
been used to conclude that a treatment has been effective at reducing toxicity including tests of 
significant difference between treatments, comparison of median lethal concentrations (LC50) if 
dilutions are utilized, or a static rule of thumb such as a minimum difference of at least 15 
percent between treatments and control.  For example, the results shown in Figure 4 indicate that 
the EDTA, C18 solid phase extraction (SPE), aeration, zeolite, and pH increase treatments were 
effective in reducing toxicity. 
 
Comparison of toxic units (calculated by dividing 100 by the LC50) among the treatments and 
baseline sample provides a more quantitative measure of treatment effectiveness, but also 
requires dilution series for each treatment.  The data shown in Table 5 indicated the greatest 
reductions in the sample’s toxic units were produced by SPE and piperonyl butoxide (PBO), 
which is indicative of organophosphate pesticide toxicity.  Table 5 also demonstrates the use of 
TIE treatment blanks (0% concentration).  Blank toxicity was present in the carboxylesterase 
enzyme (CEE) treatment, indicating results for this treatment may be unreliable. 
An inconclusive TIE is possible, such as when the toxicity is no longer present in the baseline 
sample or all TIE treatments are ineffective.  Such occurrences should prompt a review and 
possible revision of the TIE study design before another TIE is conducted.  Simple design 
modifications, such as reducing sample storage time or testing a different sample concentration 
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may result in a more effective TIE.  Alternatively, new toxicants for which no treatment has been 
devised may be present in the sample. 
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Figure 4.  Example of TIE results for storm water sample tested using the fathead minnow. Metals 
were concluded to be the probable cause of toxicity (Kayhanian et al. 2008). 


Identification and Confirmation of Toxicant 


Toxicant identification is accomplished through additional sample treatment procedures such as 
elution/fractionation of constituents retained on SPE columns followed by toxicity testing and 
chemical analysis.  These methods may require additional sample volume and time for testing.  
Because of the difficulty in obtaining additional sample from the study site that is representative 
of the initial sample, it is recommended that adequate volume be collected to support anticipated 
identification analyses at the time of initial sample collection.  Toxicant identification methods 
are varied and often compound or sample specific.  Examples of effective methods are found in 
EPA guidance documents (USEPA 1993a, 1999) and other publications (Norberg-King et al. 
2005). 
 
The confirmation phase of a TIE consists of using multiple lines of evidence to confirm the 
characterization and identification results.  Several methods should be used in confirmation, 
including: 


• Repeat characterization of subsequent samples; 


• Comparing the mass balance of toxic units between chemical analysis and toxicity tests 
(requires dilution series); 


• Reproducing toxicity by spiking suspected toxicants at similar concentrations; and 


• Comparing sensitivity of different test species to that predicted based on threshold 
concentrations (e.g. Table 6). 
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Analysis of multiple test samples is needed to establish confidence in the TIE results.  The type 
of toxicant may vary seasonally with land use practices or hydrological factors.  At least three 
separate TIEs should be conducted before a conclusion is reached about cause of toxicity at a 
specific location.  Where biological effects data are unavailable to assess organism sensitivity, 
such as when addressing constituents of emerging concern (e.g. some pesticides), collaborations 
among multiple agencies may be appropriate. 
 


Table 6.  Effect level (LC50, except where noted) of typical storm water constituents for different 
test species. 


 


Species and 
Endpoint 


Copper 
(µg/L) 


Zinc  
(µg/L) 


Unionized 
ammonia 


(mg/L) 


Chlorpyrifos 
(µg/L) 


Diazinon 
(µg/L) 


Bifenthrin 
(ng/L) 


Cyfluthrin 
(ng/L) 


Ceriodaphnia dubia 
(Survival) 28 (1) 360 (1) 1.49 53 (2) 320 (2) 142 (3) 344 (3) 


Pimephales promelas 
Survival 503 (4)  0.61 (5)     


Hyalella azteca 
Survival 35 (6) 73 (6) 4.7 (7) 86(6) 6510 (8) 9.3 (9) 2.3 (10) 


Strongylocentrotus 
purpuratus 
Development 


15.3 (12) 96.9 (12) 0.07 (13)     


Strongylocentrotus 
purpuratus 
Fertilization 


18 (13) 262 (14) >1.4 (13)     


Mytilus spp. 
Development 7.8 (12) 178 (12) 0.12 (15) 4900 NOEC 


(16)    


Haliotis rufescens 
Development  64 (17) 0.082 (15)     


Atherinops affinis 
Survival 55.7 (18)  0.56 (15)     


Americamysis bahia 
Survival 181 (12) 499 (19)   4.2 (20) 3.97 (20) 6.37 (20) 


Holmesimysis costata 
Survival  56 (21) 0.839 (15)     


 
 
 
 
 
 
 
 
 
 
 
 


1.  Schubauer-Berigan et al., 1993 
2.  Bailey et al., 1997 
3.  Wheelock et al., 2004 
4.  Naddy et al., 2002 
5.  AMEC unpublished 
6.  Phipps et al., 1995 
7.  Ankley et al., 1995 
8.  Ankley and Collyard, 1995 
9.  Anderson et al., 2006 
10.  Weston and Jackson, 2009 
11.  Maund et al., 2002 


12.  Phillips et al., 2003
13.  Bay et al., 1993 
14.  Dinnel et al., 1989 
15.  Phillips et al., 2005 
16.  Serrano et al., 1995 
17.  Hunt and Anderson, 1989 
18.  Anderson et al., 1994 
19.  Lussier et al., 1985 
20.  USEPA, 2000 
21.  Hunt et al., 1997 
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APPENDIX 1 – FREQUENTLY ASKED QUESTIONS 


(adapted from Denton et al. 2010) 
Q: Have the toxicity test methods been used to assess agricultural, urban, and industrial storm 
water runoff toxicity?  If so, what toxicant(s) have been identified? 
A: Toxicity testing of storm water has been used as a monitoring tool for urban and agricultural 
storm water assessments in California.  For example, researchers have identified the pesticides 
diazinon and chlorpyrifos in urban storm waters (Katznelson and Mumley 1997; Bailey et al. 
2000; Fong et al. 2000; Larsen et al. 2000; SRWP 2000; Larsen and List 2002).  Toxicity testing 
of storm water from agricultural settings has identified rice pesticides, diazinon, chlorpyrifos, 
carbofuran, and carbaryl as toxicants (SRWP 1998; Foe et al. 1998; Reyes et al. 2000; Werner et 
al. 2000). 
 
Q: Are acute and/or chronic test method(s) used to assess storm and ambient waters?  
A: Acute and short-term chronic tests are primarily being used to initially assess the toxicity of 
storm and ambient waters.  
 
Q: What testing factors may need to be considered differently for storm water testing compared 
to testing effluent from a continuous discharge?   
A: The main factors include: 1) sample collection and sample initiation holding time; 2) sample 
renewals; and 3) immediate responses to observed toxicity such as initiating toxicity 
identification evaluations. 
 
Q:  Can an exception to the 36-hour holding time for initiation of the test be allowed for storm 
and ambient water testing? 
A: All tests should be conducted as soon as possible following sample collection. EPA has 
allowed exceptions to the 36-hour holding time, for example, when effluents are shipped 
overseas for testing (Denton and Narvaez 1996). The primary reason for an extension of the 
holding time would be the consideration of the sampling, laboratory technician safety (Burton 
and Pitt 2001; see page 255), and logistics of coordinating collection and transport of multiple 
storm water samples within a short period of time. Storm events are not pre-determined events 
and typically occur rapidly throughout a watershed; therefore, many site samples must be 
coordinated and processed with short notification to the toxicity testing laboratories. It is 
encouraged that the 36-hour holding time for test initiation be targeted; however, the Permitting 
Authorities may allow an exception beyond the 36-hours.  However, no more than 72 hours 
should elapse before initial use of a sample.  Any sample tested between 36 and 72 hours should 
be flagged with a data qualifier. 
 
Q: How is the standard test renewal practices specified in the test method manuals followed, 
given that storm events may be of short duration?   
A: EPA 5th edition acute test methods specify that test solutions be renewed after 48 hours for a 
96-hour test.  However, for storm events in short duration, this is not always feasible.  A more 
realistic option, in cases when a second storm water sample may not be available, would be to 
collect sufficient volume during the storm event to use for the start of the test and at the 48-hour 
renewal. 
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Q: When would a multiple dilution test be performed if a single concentration test is initially 
conducted?  
A: A single concentration is typically compared to a control to determine the effect in 100 
percent storm water and ambient water exposures.  A multiple concentration test could be 
considered for the next sampling event if toxicity is of significant magnitude in the 100 percent 
storm water (e.g. 100% mortality within 24 to 48 hours). The testing facility may consider testing 
the original sample (assuming sufficient volume collected) with a dilution series to more fully 
characterize the sample, for those samples which demonstrate high mortality within a short 
timeframe.  
 
Q: What is meant by the term “first flush” when referring to collection of storm water samples?  
A: “First flush” refers to the first waters released from a discharge point as a result of a storm 
event or runoff associated with ice and snow melt. Typically, constituent concentrations are 
highest in this “first flush” sample. “First flush” is operationally defined by a time-period in 
some states (e.g. waters discharged within the first 15 or first 30 minutes of a discharge event).  
However, the “first flush” may not always contain the highest concentrations of pollutants as this 
depends on the rain intensity, type of pollutant, and size of the watershed.  The first flush 
phenomenon is more prevalent for rains with relatively constant intensities and small watershed 
size (Burton and Pitt 2001).  Therefore, it is important to understand the watershed in order to 
determine if sampling of first flush in a storm event is critical. Another consideration is to 
capture the first seasonal flush (e.g. after an extended dry period) in arid areas. 
 
Q: Is capturing the first flush important? 
A:  The precedent has been established for chemical-specific storm water sampling to sample 
first-flush discharges. Existing data suggests the potential for higher chemical-specific toxicity in 
first-flush samples. This “first flush” effect depends on the nature and form of the pollutant 
(Ward and Elliot 1995).  The chemograph peak often precedes that of the hydrograph for 
sediments or sediment-bound pollutants (e.g. chlorpyrifos, phosphorus) entrained in the water 
column.   However, for dissolved pollutants like diazinon, the chemograph peak sometimes 
follows that of the hydrograph.  
 
Q:  Is timing of sample collection to a flow measurement important? 
A: Two types of samples are appropriate for collecting storm water to test toxicity; discrete or 
composite samples.  Composite samples are collected throughout an entire storm event typically 
as a function of flow (i.e. flow-weighted compositing).  Discrete sampling is instantaneous; 
hence, timing of discrete sampling is very important.  Discrete samples should be collected on 
the rising limb of the hydrograph.  In nearly all cases, flow data should be collected at the time of 
sampling.  
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APPENDIX 2 – STORM WATER SAMPLING AND TESTING MONITORING 
INVENTORY QUESTIONNAIRE 


MS4 Sampling and Testing Questionnaire 


IDENTIFICATION INFORMATION  


Agency name  


RWQCB jurisdiction  


Permit number  


Year of last permit renewal  
  


TOXICITY TESTING  


Species  


Endpoints  


Number of replicates  


Number of dilutions  


Renewals (Yes/No)  


Frequency of renewals  


Reporting units  


QA Criteria  
  


SAMPLING METHODS  


Total number of sites  


Number sites/watershed (average)  


Number wet samples per year  


Number dry samples per year  


Sample volume for toxicity testing (liters)  


New sample for each renewal (yes/no)  


New sample for TIE (Yes/No)  


Storm trigger (rainfall quantity)  


Storm trigger (antecedent dry)  


Storm sample type (Grab, time weighted, flow weighted)  


Storm sample collection method (surface, single point, depth integrated)  


Holding time (hrs)  


Container type and storage conditions  
  


TIE TRIGGER  


Number TIEs per year  


TIE trigger  


Initial TIE treatments routinely used  


Additional treatments available/have been used  


New sample/Extra volume from Initial sample  


Dilutions tested  


QA criteria and blanks  
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APPENDIX 3 – FLOW CHART FOR STORM WATER SAMPLING ACTIVITIES 


Storm sampling is quite unlike sampling more steady discharges such as POTWs.  Storms are 
unpredictable so sampling preparations require more attention and organization.  Although only 
two storm samples are recommended each year, preparation and readiness may last six months.  
In addition, weather forecasting is an imperfect science and, because storm events may not 
materialize or equipment may not work properly, mobilization for more than two storms may be 
required in order to obtain sufficient samples for analysis.  In order to assist storm water agencies 
and Regional Water Board’s, an example flow chart modeled after the Caltrans (2009) 
monitoring program has been prepared to assist those unfamiliar with storm sampling. 
Budgeting, site selection, and sampling equipment preparation must occur well before the rainy 
season.  Several criteria should be considered for selecting a site including safety of field crews, 
representativeness, capability to rate flow, flood hazards, and power/telecommunication for 
sampling equipment.  Site set up has its own unique challenges including obtaining 
encroachment permits, selecting and purchasing appropriate equipment, and equipment security.  
Once installed and the wet season approaches, weather forecasts should be monitored daily.  As 
storms approach, increase the frequency of weather forecasts and notify personnel and support 
laboratories within a minimum of three days.  This notification is crucial so that toxicity 
laboratories have sufficient time to schedule staff, prepare brood stock, ready equipment, and 
clean glassware.  As the storm approaches, additional communication with the toxicity 
laboratory is required to ensure that personnel are available to deliver/receive samples because 
samples may arrive at night, on weekends, or holidays.  While field personnel are crucial for 
sampling success, their job is typically completed within 24 hours of storm end.  Toxicity testing 
personnel, however, are needed for up to 10 days post-storm.  Finally, toxicity testing 
laboratories need to communicate with storm water agency personnel at test completion to 
inform them of a successful test.  If toxicity testing is unsuccessful, storm water agencies may 
wish to cancel chemistry analysis and prepare for sampling additional storms. 
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GO


Monitor Weather Reports
Daily


Pre-Alert
----------------------------------------------------


Target Storm Expected < 72 Hours


Alert
----------------------------------------------------


Target Storm Expected < 24 Hours


                                Tasks
--------------------------------------------------------------
• Monitor weather reports every 12 hours
• Verify operation of monitoring equipment
• Alert chemistry and toxicity laboratory
• Alert field teams of action level change
• Verify availability of field teams


                                Tasks
--------------------------------------------------------------
• Monitor weather reports every 6 hours 
  or more frequently as storm approaches
• Alert field teams of action level change 
  and probable time of storm
• Prepare monitoring equipment for 
  sampling and/or observations


Forecast - Unlikely 
----------------------------------------------------------------


less than 0.25” and less the 50% probability 
Forecast - Marginal


---------------------------------------------------------------
0.25” or greater and 50-75% probability


Forecast - Likely
--------------------------------------------------------------


0.25” or greater and 75-100% probability


Storm Control Decision 
----------------------------------------------------------


”GO” or “NO GO”
NO GO 


               Tasks 
----------------------------------- 
•  Demobilize field team 
•   Alert Laboratory 


                          Tasks
----------------------------------------------------
•  Monitor weather reports as needed
•  Mobilize field teams 


Storm Monitoring


                             Post-Storm Tasks
--------------------------------------------------------------------------
•  Demobilize field teams
•  Split composite samples, if necessary
•  Label and log samples on chain-of-custody form 
•  Ensure timely delivery to analytical/toxicity  
  Laboratory - ship samples
•  Complete field notes
•  Prepare for next storm - inventory/clean/organize/ 
  replace equipment as necessary
•  Analyze samples


 Prepare for next storm 
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2)  The TST is not an EPA-approved 136 method.  SWRCB seems to claim that the word "method"
 applies only to how a test is conducted in the laboratory and not to the statistics used to analyze the
 resulting data.  This is one of the key issues being challenged and litigated.  EPA has repeatedly
 stated that WET testing is a "Method-Defined Parameter."  And, federal regulations do not allow
 Alternate Test Protocols for method-defined parameters.  Moreover, an ATP is only approved where
 it can be shown that the alternate procedure produces results that are functionally-equivalent to
 those produced by a standard 136 method.  The TST procedure produces results that are
 diametrically opposed to those recorded using the current 136 methods (NOEC or IC25).  This
 creates a real serious problem when it comes to certifying compliance status on a DMR.
 
3) When the TST method is used to reanalyze Ceriodaphnia dubia reproduction data from EPA's
 Interlaboratory WET Variability Study, 15% of the blank (non-toxic) samples were declared to be
 toxic.  This is nearly 4-times higher than the number of false positive reported using the approved
 NOEC or IC25 procedures.
 
4)  One reason that the false positives were relatively low in the Interlab WET Variability Study is that
 EPA used data from the multiple concentration series to identify probably Type-1 statistical errors
 by confirming the presence or absence of a valid dose-response relationship.  This very useful
 procedure is not available if a test is performed on only two concentrations (a control and a 100%
 receiving water sample).  Although EPA allows the use of simple 2-concentration screening tests in
 receiving water, they continue to recommend multiple concentration tests as the preferred
 approach because the latter provides an opportunity to inspect the data for a valid dose-response
 relationship.  The Memo seems to imply that such "interpretation" is a bad thing.  However, EPA
 guidance repeatedly states that a valid dose-response is the very foundation of toxicity testing.  .
 
5)  The TST procedure is not cheaper.  The memo suggests that costs are reduced because the test
 requires only two concentrations.  However, in order to reduce the risk of false positives to a level
 no greater than that expected from the current NOEC or IC25 methods, it is necessary to double or
 triple the number of replicates in the 2-concentration TST procedure.  Thus, the final cost ends up
 being about the same.  And, if the discharger and lab elect to use fewer replicates, than the cost of
 additional accelerated monitoring caused by false positives more than offsets any initial cost
 savings.  San Bernardino filed extensive detailed proof of this in their comments to the SWRCB on
 the proposed TST method.
 
6)  The most egregious claim in the memo is that the TST produces a "definitive result" while the
 NOEC and IC25 require "interpretation."  That is blatantly false.  The TST approach starts by
 specifying a Regulatory Management Decision (RMD) threshold.  In California the RMD is 25%.  That
 is, a sample should be considered toxic if it produces 25% less reproduction or growth than the
 control group.  On its face, it sounds a lot like the IC25.  However, the statistical null hypothesis
 presumes that organisms exposed to the effluent sample WILL produce 25% fewer offspring or will
 weigh 25% less.  And, the discharger must prove to a statistical certainty that any observed
 difference is smaller than a 25% difference compared to controls.  The problem occurs when
 effluent-exposed organisms weigh 17% less than the control group or produce 18% fewer offspring. 
 The TST will frequently call such results a FAILURE because we are not statistically certain that the



 difference might not have been 25%.  In other words, 18% is so close to 25% that, given the level of
 variability present, we are not sure they are really different from one another.  Bottom line:  we are
 interpreting a nominal difference of far less than 25% to be indistinguishable from 25%.  And, these
 are precisely that sort of tests that would absolutely pass using the IC25 method and would usually
 pass the NOEC method about half the time.  This will result in a great deal of controversy when the
 two EPA-approved methods say that a sample is not-toxic and the new unapproved TST method
 says the same sample is toxic.
 
Until all this gets sorted out in litigation, the safest thing to do is to continue requiring dischargers to
 perform WET tests using 136-approved methods and in accordance with the manuals and guidance
 documents that EPA cited when the WET test methods were promulgated in 2002.  If you want to
 see the TST results also, there is nothing that precludes you from requiring dischargers to Monitor
 and Report the TST values along with the traditional NOEC and IC25 values.  But, only the latter will
 be used to assess NPDES compliance.
 
 
 
****************************************************
Heather Boyd
Environmental Scientist
Santa Ana Regional Water Quality Control Board
3737 Main St. Suite 500
Riverside, CA  92501
Telephone: (951) 320-2006
Email: Heather.Boyd@waterboards.ca.gov
Website: http://www.waterboards.ca.gov/santaana
****************************************************

From: Ogg, Brian@Waterboards
Sent: Tuesday, June 02, 2015 2:40 PM
To: Boyd, Heather@Waterboards
Cc: Morris, Melissa@Waterboards
Subject: RE: EPA's withdrawal of TST procedure and use of it in our MS4 permit

Heather,
 
The ATP request letter - and its subsequent withdrawal - only addressed the use of two
 concentrations (i.e. sample + control) when conducting a TST analysis; not the use of the TST itself
 (see attached). However, the requirement to utilize five-concentration toxicity tests only applies to
 wastewater discharges, not storm water.
 
Feel free to send the stakeholder’s questions to me; chances are I’ve heard them before!
 
Best regards,
 
Brian Ogg, Environmental Scientist
State Water Resources Control Board
Office of Information Management and Analysis
Phone: (916) 322-8432
Fax: (916) 341-5896
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http://www.waterboards.ca.gov/santaana


From: Boyd, Heather@Waterboards 
Sent: Tuesday, June 02, 2015 2:02 PM
To: Ogg, Brian@Waterboards
Cc: Morris, Melissa@Waterboards
Subject: EPA's withdrawl of TST procedure and use of it in our MS4 permit
 
Hi Brian,
I have a question about the TST and EPA’s withdrawal of CA’s use of this test from one of our
 managers.  We specified this test in our MS4 permit according to a memo that allows this sent by
 Rich Breuer to the DMC.  One of our stakeholders has raised some issues with the state still
 endorsing the use of this test.  I am not familiar with toxicity and was hoping that you could provide
 some insight into the stakeholder’s issues?  If so, I can forward you the questions and maybe after
 reading, we can talk the issues over with our manager.
 
Thanks,
Heather
 
 
*******************************************
Heather Boyd
Santa Ana Regional Water Quality Control Board
3737 Main Street, Suite 500
Riverside, CA
951-320-2006
Heather.Boyd@waterboards.ca.gov
www.waterboards.ca.gov/santaana
********************************************
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